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INTRODUCTION

The overall objective of this research proposal was to develop laboratory tests that are meaningful
diagnostic/prognostic indicators for the physician's use in the battle against human breast cancer.
We worked towards the establishment of sensitive immunologic assays, which could reliably detect
and quantify antigen-specific IC in the sera of patients with breast cancer. Therefore, our objectives
were to define breast tumor associated antigens to which patients respond immunologically, and
develop human and murine monoclonal antibodies to these immunogenic breast cancer antigens. It
was expected that human monoclonal antibodies would be used to increase the level of tumor-
associated antigen (TAA)-specific IC in samples from breast cancer patients who might have no or
low levels of anti-tumor antibodies, and thus no or low levels of TAA-specific IC. We also
proposed to develop an IC detection assay that would be specific for tumor associated antigen.
Development of such methodologies was expected to greatly increase the diagnostic and prognostic
significance of IC measurement. Also, our objective was to apply this technology to answer the
following specific questions:

a. Do circulating IC values increase before clinically detectable tumor recurrence in
breast cancer patients? If they do, how far in advance?

b. Can changes in antigen-specific IC levels be used as effective indicators of
successful radiotherapy and chemotherapy?

C. How frequently are TAA-specific IC elevated for patients with
newly diagnosed breast cancer?

d. Can the TAA-specific IC detection assay be of potential usefulness in screening
women with high risk of developing cancer for early breast cancer?

We expected that these questions would be answered by analyzing sequential serum samples of
patients with breast cancer and age matched normal women in a sensitive immunologic assay that
detected tumor cell products. After review and approval of the grant, the scope of the proposal was
reduced on August 18, 1994, to answer the above questions and obtain meaningful results within the
approved duration of this proposal. We are pleased to report that significant progress has been
made in each of the approved area of investigations.

BODY

SUMMARY OF THE SCOPE OF WORK (SOW):

The actual scope of this research project in terms of SOW is smaller than that proposed originally.
This was done in response to a communication of July 29, 1994, from the U.S. Army Medical
Research Acquisition Activity to accommodate the reviewer's comments of the original proposal.
The changed SOW is relisted below:

Task 1. Identify breast TAA that are expressed by breast cancer cells and are immunogenic
in breast cancer patients:
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a. Analyze sera from breast cancer patients and control groups in a systematic
manner for the levels of IC by PEG-CIC assay to select positive sera.

b. [solate antibodies (IgG) from sera of breast cancer patients that react
specifically with breast carcinoma cells at high titers after absorption with
appropriate control cells, and use the antibodies in affinity chromatographic
procedures to purify TAA from breast carcinoma cells grown in serum free
medium.

Task 2. Use the purified TAA to develop monoclonal antibodies and TAA-specific IC
assays:

a. Develop murine monoclonal antibodies.
b. Develop TAA-specific IC detection assay.

c. Isolate B-cells from the blood of breast cancer patients obtained at the time
of high antibody levels, transform with Epstein Barr virus, and clone anti-
TAA antibody producing cells.

Task 3. Use murine and human anti-TAA antibodies to develop assays to detect TAA in
serum of breast cancer patients:

a. Glycoprotein TAA-specific IC results will be compared to CEA and CA15-3
results.

b. The assay results will be correlated with clinical course (recurrence and
treatment) of patients, and used for early detection of breast cancer.

Following is the progress made under each Task of this research project. Clearly, virtually all of the
Tasks under the SOW have been completed. Specifically, we have completed both aspects (1a and
1b) of Task 1, and all aspects of Task 2 and Task 3 of the SOW. In addition, we have optimized a
TAA-specific-IC detection assay that can be successfully applied to identify patients who may be
harboring the occult breast cancer (Task 2b). We have isolated and immortalized B-cells from
breast cancer patients (Task 2c). At least one of the lymphoblastoid cell line (LCL-4) continues to
secrete IgM antibody that reacts with breast cancer cell extracts. We have documented that the
immunologic assay developed under this grant is a potentially useful screening marker for patients
with early breast cancer and appears to be a useful adjunct to mammography. Furthermore,
prospective application of the immunologic assay in conjunction with mammography confirmed
that accuracy of the mammographic screening could be improved by the addition of this simple
immunologic test that measures 90kD tumor antigen specific immune complex (TA-90-IC) levels in
blood of the test subject. For the reason of simplicity and convenience, we have broken down the
BODY into “Materials and Methods”, “Results”, and “Discussion” sections under each Task.
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MATERIALS AND METHODS:
TASKI.

a. Analysis and Selection of Breast Cancer Patient’s sera for Immune Complexes (IC):

Serum and lymphocyte samples were obtained from breast cancer patients when they visited our
clinic. The serum samples were kept frozen at -35C and lymphocytes were viably cryopreserved in
liquid nitrogen in the specimen bank. The clinical information on these patients was maintained in a
database. These retrospectively procured serum samples were used in the investigations described
below to comply with the Statement of Work (SOW) of this grant.

PEG-IC assay to detect antigen non-specific immune complexes was performed as described by
Riha et al (/) and Digeon et al (2). This assay was also used to select serum samples that were
positive for immune complexes. In addition to TAA-specific-IC determination, the serum samples
were also used as the source of antibody to determine the presence of antigen(s) in breast cancer and
control cell line extracts by ELISA and Western blot technique.

Ninety serum samples from breast cancer patients taken post-operatively were used as the antibody
source against ultrasonically disrupted breast cancer and control cell extracts in a conventional
ELISA. Wells of the ELISA plate were sensitized with 200ug protein of the cell extracts. Ten
serum samples from self-proclaimed healthy females were used as controls. Alkaline phosphatase
conjugated goat anti-human IgG was used as the detecting reagent. The antibody titers of the sera
from breast cancer patients ranged from less than 1:100 to 1:12,800; whereas, level of reactivity in
the control normal sera was 1:300 or less. The serum samples were pre-adsorbed with human
normal peripheral blood lymphocytes (equal packed cell volume) to eliminate any reactivity due to
histocompatibility antigens.

b. Isolation of IeG from serum of a Breast Cancer Patient and Purification of TAA:

One of the breast cancer patient's serum which exhibited high antibody level in ELISA was used to
isolate and purify IgG antibodies by DEAE Affi-Gel blue column chromatography (3). Five ml
serum was dialized against 0.02M K,HPOy supplemented with 0.02% sodium azide at pH 8.0. The
dialyzed serum was applied to a 20 ml bed volume of the gel equilibrated with the phosphate buffer.
The column was flushed with 40 ml of the phosphate buffer. The effluent containing IgG was
collected, concentrated to 5 ml by ultrafiltration and analyzed for IgG concentration by radial
immunodiffusion. The IgG concentration was 6.1 mg/ml. This purified IgG antibody fraction was
used for its reactivity to tumor (breast and other cancer) and normal cell lysates prepared by NP-40
extracts in Western blot.

Five breast cancer, one colon cancer, one melanoma, one sarcoma, and one normal fibroblastic cell
lines were grown in RPMI-1640 supplemented with 10% fetal calf serum and antibiotics. Cells
were cultured as monolayer in T150 flasks. Cells were harvested by scrapping when growth
reached about 80% confluency. The cells were washed five times with ice cold PBS (0.025M
phosphate buffer supplemented with 0.15M sodium chloride at pH 7.2). The washed cells (5 x 10%
were pelleted and lysed with 1.0% NP-40 in 50mM Tris and 150mM sodium chloride buffer (pH
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8.0) for 30 minutes. The lysed cells were centrifuged at 10,000 x g for 10 minutes at 4C. The
supernate was further centrifuged at 36,000 x g for 30 minutes, and the clear supernatant was used
as target antigen in Western blot (4) following separation by SDS-PAGE as described by Laemmli
(5). Alkaline phosphatase conjugated goat anti-human IgG was used as the detecting reagent, and
the reactivity was visualized by NBT/BCIP substrate. To obviate the problems due to non-specific
protein-protein interactions, the target antigen was pre-cleared with immobilized protein-A (Sigma
Chemical Co., Saint Louis, MO).

Since urine samples of several breast cancer patients were positive for the glycoprotein TAA, we
obtained 24 hour urine collections from the positive patients. The pool was used as the starting
material to purify the antigen. Collection of urine was done in Tris-HCI (pH 8.3) buffer
supplemented with sodium azide to give a final concentration of 0.1 M Tris and 0.02% azide, and
processed as outlined in Figure 1 of the Appendix. A total volume of 14.4 liters of urine was
centrifuged at 6,000 x g for 10 min and filtered through #1 Whatman filter paper. The clarified
sample was concentrated 100-fold using a hollow-fiber concentrator (10kD exclusion limit, Amicon
Corporation, Danvers, Mass.) and then subjected to pressure ultra-filtration through a PM-10
membrane (10kD cutoff limit, Amicon Corporation). The concentrate was centrifuged at 800 x g
for 10 min. The clearified supernate was subjected to gel filtration chromatography through a
calibrated Sephacryl S-200 column (1.5 X 100 cm). Sodium phosphate (0.025 M, pH 7.2) buffer
supplemented with 0.15 M NaCl and 0.02% sodium azide (PBS) was used as the eluent at a flow
rate of 20 ml per hour. Five ml fraction per tube were collected and the elution of the protein was
monitored at 280, (Figure 2). Fractions exhibiting greater than 0.1 OD at 280nm were pooled, and
the pooled peaks were concentrated back to the volume initially applied to the column and analyzed
for protein concentration and the TAA activity. Protein concentration in each pool was assessed by
the method of Lowery et al (6), and the TAA activity was determined by a capture ELISA using
murine monoclonal antibody AD1-40F4 as the catcher.

The antigenic fraction (peak I) was treated with rabbit anti-human immunoglobulin antibodies that
were immobilized to agarose beads (Immunobeads - BioRadiation Laboratories, Richmond, CA).
Five ml of the peak was added to 5 ml packed volume of the immunobeads, and the mixture was
incubated at room temperature with continuous end-over-end mixing on a circular rotator for one hr.
The absorbed antigen was recovered by centrifugation at 800 x g for 10 min, and subjected to
reduction and alkylation.

The immunoaffinity (immobilized human anti-Ig) purified TAA was reduced with dithiothreitol in
the presence of 6M guanidine hydrochloride and alkylated with iodoacetic acid at pH 8.5 according
to the procedure described by Ozole (7). The products were separated by Sephacryl S-200 column
(1.0 x 60 cm) chromatography using 1 M propionic acid as eluent (Figure 3). To determine the
homogeneity of the purified material, the material was subjected to one and two dimensional gel
electrophoresis. One dimensional polyacrylamide gel electrophoresis under reducing conditions
was performed according to the procedure described by Laemmli (5) using a 4 to 15% gradient gel.
Two dimensional gel electrophoresis was performed using the isoelectric focusing gel which
contained acrylamide (4% T and 4% C), 9M urea, 9.2mM CHAPS, 0.4% NP-40 and 5% ampholyte
(60%, 3-10; 20%, 5-7; 20%, 6-8) in the first direction. The sample was electrofocused at 600 V for
20 hrs. The second dimension electrophoresis was a mass separation through SDS-acrylamide (10
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to 20% T and 2.6% C) gel at 30 V and 12C for 4 hrs. Protein spots were visualized by silver
staining.

Reverse phase HPLC analysis of the samples was performed using a Delta-Pak C4 (Sum particle
with 300 A pore size) column and 5% to 95% acetonitrile linear gradient in 0.1% trifluoroacetic
acid. The separation was performed in H-P model 1090M HPLC system. The identity of peaks
were determined on the basis of retention time.

Western blotting technique (4) was used to determine immunoreactivity of various monoclonal
antibodies to the purified 90kD TAA. Two microgram protein of the purified 90 kD glycoprotein
per lane was subjected to SDS-PAGE and electroblotted to nitrocellulose membrane. After washing
and blocking with 5% non-fat milk, the membrane was cut into Smm wide strips. The strips were
reacted with monoclonal antibodies at 1:100 dilution for ascites or 1:25 dilution for hybridoma
culture supernates at 4C for 12 hrs. Goat anti-mouse Ig conjugated to alkaline phosphatase (Sigma
Chemical Co., Saint Louis, MO) at 1:500 dilution and NBT/BCIP were used invariably to
determine reaction of the murine monoclonal antibody.

TASK 2.

a. Preparation of murine monoclonal antibody to glycoprotein TAA: The glycoprotein TAA
prepared as described below was used as an immunogen to develop a murine IgM
monoclonal antibody, AD1-40F4, with specificity to the antigen according to the procedures
described by Kohler and Milstein (8). The monoclonal antibody did not exhibit any
reactivity with pooled human IgM, pooled human IgG, ferritin, B2-microglobulin, B2-
glycoprotein, apolipoprotein B, apolipoprotein CII, apolipoprotein CIII, or human serum
albumin. Western blot analysis revealed that the AD1-40F4 antibody recognized the 90kD
subunit of the glycoprotein antigen (9). After specificity analysis, the murine monoclonal
antibody was mass produced as ascites in BALB/c mice, and used as the source of antibody
to develop the 90kD-TAA-specific IC detection assay as described below. The glycoprotein
TAA which is expressed by 82% (18/22) carcinomas, was purified as described elsewhere
(10) from a 24 h urine sample of a melanoma patient. Urine from melanoma patient (Je
8504) was used because the glycoprotein TAA is expressed by solid tumors of various
histologic types and this patient's urine had relatively high antigenic activity (/0). Briefly,
the 24 h urine samples were collected and filtered through a Whatman no. 1 filter-paper
(Whatman International, Maidstone, England) to remove all sediments. The clarified urine
was concentrated 100-fold using an Amicon hollow-fiber concentrator equipped with an
H1P10-8 cartridge (Amicon Corp., Beverly, Mass.). Concentrated material was passed
through a Sephacryl S-200 column (Pharmacia LKB, Piscataway, N.J.) using 0.025 M
phosphate buffered saline supplemented with 0.02% sodium azide as eluent at a flow rate of
25ml/h. Fractions under each peak observed at 280 ,n were pooled separately, concentrated
and tested for antigenic activity using an allogeneic double-determinant enzyme-linked
immunosorbent assay as described previously (9). The antigenic pool was quantitatively
absorbed with immobilized rabbit anti-human Ig antibodies until free of detectable human
IgG in an enzyme immunoassay (/). The purified antigenic pool was used to develop
murine monoclonal antibodies.
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b. Development of TAA-specific-IC detection assay.

We developed a tumor antigen specific IC detection assay which utilizes an immobilized
murine monoclonal antibody, AD1-40F4, directed to the 90kD subunit of a glycoprotein
TAA. The murine monoclonal antibody, AD1-40F4, and the glycoprotein antigen were
prepared as described below. Details of the assay have been described elsewhere (/5). In
brief, one hundred microliters of the AD1-40F4 ascites diluted to a protein concentration of
100 ug/ml were dispensed into each of the appropriate wells of glutaraldehyde activated
microtiter plates (Dynatech Laboratories, Chantilly, VA). The plates were incubated at 4C
for 16 h and then washed with PBS supplemented with 0.5% Triton X-100 (PBS-TX). The
washed plates were blocked with 100 ul per well of 1% bovine serum albumin (BSA) in
PBS-TX at 23C for 1.0 h. Test serum samples were diluted 1:60 with PBS-TX supplemented
with 1% BSA, 0.5% normal mouse serum and 0.01M ethylene diamine tetraacetic acid
(EDTA). One hundred microliters of the diluted sample were dispensed into duplicate wells
of the activated plates and incubated at 37C for 45 min. At the end of incubation the wells
were washed with PBS-TX. One hundred microliters of alkaline phosphatase conjugated to
Fab fragment of goat anti-human IgG (Sigma Chemical Company, Saint Louis, MO) at 1:500
dilution were added to each test and control wells of the plate. The plates were incubated at
37C for 45 min and washed with PBS-TX. Each well of the plate then received 200 ul of p-
nitrophenyl phosphate (1.0 mg/ml) in 10% diethanolamine buffer as the substrate and the
plates were incubated in the dark for 1.0 h at 23C. The absorbance was read at 405,m. Each
sample was tested in duplicate with positive and negative controls and blanked individually
in the same microtiter plate. Each test plate also included controls for non-specific protein
binding and binding of conjugate to the immobilized murine monoclonal (capturing)
antibody. The net optical densities of the control samples were used to generate a correction
factor to normalize the net optical density of the test samples analyzed on that particular test
plate. If the correction factor for a test plate fell outside the range from 0.8 to 1.2, the assay
was considered invalid. The upper limit of normal for the glycoprotein TAA marker was set
at 0.410 (mean + 3 SD ELISA values of 59 normal sera determined from previous studies).

c. Isolation of Peripheral Blood Lymphocytes and Transformation with EBV:

Peripheral blood lymphocytes (PBL) were obtained from breast cancer patients at the time when
they had high anti-breast antibody levels in ELISA. The lymphocytes were separated by Ficoll-
Hypaque centrifugation and partially depleted of T lymphocytes and cytophilic Ig by incubation
at 37C for 1 hr in RPMI by the AET-rosetting method (/2). The enriched B-lymphocytes were
suspended (10 x 10° cells/ml) in cell free culture filtrate of Epstein Barr virus (EBV) producing
marmoset lymphoblastoid cells to transform with the EBV as described by Irie et al (/3). After
24 hr incubation, the growth medium was replaced by RPMI-FCS medium. Supernates from
wells with visual growth of hybrids was analyzed for human immunoglobulin secretion by an
enzyme immunofiltration assay (/4) and then tested for anti-breast TAA activity by ELISA.

10
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TASK 3.
a. CEA and CAI5-3 Assays for Comparison with TA-90-1C assay

i Carcinoembryonic antigen (CEA) assay. CEA measurements on 68 of the 106 serum
samples were performed by Dianon Systems, Inc., Stratford, Connecticut, using Abbott CEA-
EIA procedures that followed manufacturer's instructions. Results were expressed as ng
CEA/ml. A value of greater than 2.5 ng CEA/ml was considered positive.

ii CAI15-3 assay. CA15-3 was measured by the radioimmunoassay kit (CA15-3 RIA)
commercially available from Centocor, Malvern, PA. The RIA was performed according to the
manufacturer's instructions by the Dianon Systems, Inc. Results were expressed as CA15-3
units/ml (U/ml). A value of greater than 30 U of CA15-3/ml was considered positive.

b. Correlation of Immunologic Assay with Clinical Course and Other Screening tests:

(i) Patient Population for Retrospective Studies:

In this investigation serum samples were procured from 106 women who were diagnosed to have
breast cancer. The mean age of the patients was 51 years with a range of 25 to 82 years.
Histopathologically, 90 patients had invasive ductal carcinoma (IDC) and 16 patients had ductal
carcinoma in situ (DCIS). In addition, serum samples were procured from 107 self-proclaimed
apparently healthy normal females. The age of normal controls ranged from 28 to 74 years with
a mean of 45. All serum samples were stored frozen without any preservative at -35C until used.

(ii) Patient Population for Prospective Studies:

After obtaining informed consent, serum samples for various analyses TA-90-IC ELISA were
procured preoperatively in a blinded fashion from 138 women scheduled to undergo open biopsy
for an abnormal mammogram, breast mass, or bloody nipple discharge. All biopsy procedures
were performed by the surgical staff at the John Wayne Cancer Institute. Biopsy specimens
were examined for tumor size, tumor grade, DNA ploidy, S-phase, estrogen and progesterone
receptors, and HER2neu expression. Serum samples were tested for TA-90-IC in a blinded
fashion (without knowledge of pathology findings). Pathology findings were then correlated
with TA-90-IC values in the Statistical Coordinating Unit (SCU).

STATISTICAL PROCEDURES:

Fisher's exact test as implemented by the Instat Biostatistics program from the GraphPad
Software, Inc., San Diego, CA was used to determine statistically significant differences among
the 90kD glycoprotein TA-90-IC assay values of normal and breast cancer patients, and for
comparison between TA-90-IC results and other tumor marker results. All comparisons were
two-tailed and a p value of less than 0.05 was considered statistically significant.

Fisher's exact test as implemented by the Instat Biostatistics program from the GraphPad Software,
Inc., San Diego, Ca, was used to determine statistically significant differences among the post-

11
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operative 90kD glycoprotein TA-90-IC positive and negative breast cancer patients with respect to
recurrent disease over a follow-up period of 60 months. All comparisons were two-tailed and a p
value of less than 0.05 was considered statistically significant. Statistical analysis for disease free
survival was performed by the Mantel-Cox method.

The Kruskal-Wallis test was used to examine the difference between mean TA-90-IC values of
sera from patients with invasive carcinomas and benign lesions. The Spearman correlation
coefficient was used to analyze the relationship between TA-90-IC values and tumor size, tumor
grade, DNA ploidy, and S-phase. The Kappa test was used to examine the consistency of TA-
90-IC status and estrogen receptor status, progesterone receptor status, and HER2neu expression.
Pearson chi-square test was used to investigate the relationship between TA-90-IC status and
tumor size (< 1 cm versus > 1 cm).

RESULTS
Purity of 90kD TAA (TA-90):

The glycoprotein TAA purified by the procedures outlined in Figure 1 appeared to be comprised of
several bands by SDS-PAGE analysis (Figure 4, lane 2). Therefore, peak I of Figure 2 was
subjected to reduction and alkylation, and the reduced product separated by Sephacryl S-200
column (1.0 x 60 cm) chromatography. The second peak (Figure 3) of the reduced and alkylated
material clearly showed a single band in SDS-PAGE after silver staining (Figure 4, lane 4) and this
band was reactive with the murine monoclonal antibody, AD1-40F4, (Figure 4, lane 6) in Western
blot. The overall results of 90kD TAA purification achieved by the steps outlined in Figure 1 are
summarized in Table 1. Clearly, this procedure allowed 1,000-fold purification with 13.9% yield of
the antigen from the starting material.

Comparison of densitometric scans of the silver stained gels using a gel scanner (Shimadzu, Model
CS9000U) of the starting material (100-fold concentrated urine) and the purified 90kD TAA
revealed that while 90kD TAA was only 0.4% of total protein in the starting material, this
component was greater than 89.4% of total protein in the most purified fraction (Figure 5). This
level of purity (about 90%) was confirmed by two dimensional gel-electrophoresis where only one
spot could be revealed by silver staining.

To further determine the level of purity and to compare the protein profile of final preparation of 90
kD subunit of U-TAA with that of starting material (100-fold concentrated urine), the samples were
subjected to reverse phase HPLC analysis using Delta-Pak C4 (Sum particle with 300 A pore size)
column and 5% to 95% acetonitrile linear gradient in 0.1% trifluoroacetic acid. The separation was
performed in H-P model 1090M HPLC system. The starting material (100-fold concentrated urine)
was reduced with DTT and alkylated with iodoacetic acid as described above. Ten microliter
sample was injected in each case. Figure 6A illustrates the 214nm absorbing profile of the starting
material. Clearly at least 17 peaks are visible after 20 min of retention time. On the contrary, only a
single peak with a slight shoulder on the left side with a retention time of about 36 min was seen in
the profile of the purified 100 kD subunit of U-TAA (Figure 6B). Only a very minor peak was
detected at this position in the profile of the starting material (Figure 6A).

12
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Reactivity of Various Murine Monoclonal Antibodies to TA-90 in Western Blot:

The 90kD TAA is expressed by various solid neoplasms including breast carcinoma and melanoma.
We realize that murine monoclonal antibodies that react with tumor cells or their lysate have been
developed using tumor cells or partially purified tumor antigen fractions as the immunogen.
Therefore, a possibility existed that the 90kD TAA which we purified could be an antigen
recognized by the already available antibodies. To rule out this possibility, we procured several
murine monoclonal antibodies either directly from the investigators or from commericial sources.
These murine monoclonal antibodies were used in Western blot to determine their reactivity with
purified 90kD TAA (material depicted in Figure 6B). Two microgram protein of the 90kD TAA
per lane was subjected to SDS-PAGE and electroblotted onto nitrocellulose membrane. After
washing and blocking with 5% non-fat milk, the membrane was cut into Smm wide strips. The
strips were reacted with monoclonal antibodies at 1:100 dilution for ascites or 1:25 dilution for
hybridoma culture supernates at 4C for 12 hrs. Goat anti-mouse Ig conjugated to alkaline
phosphatase (Sigma Chemical Co.) at 1:500 dilution was used invariably to determine reaction of
the murine monoclonal antibody.

None of the seven murine monoclonal antibodies to either melanoma or breast cancer cells
developed by various investigators reacted with the 90kD TAA; however, under similar
experimental conditions, AD1-40F4 (at 1:500 dilution of ascites) -- an IgM murine monoclonal
antibody developed by us using the TAA as immunogen -- showed positive reaction (Figure 7).
These results denote that 90kD TAA does not bears any epitope which is recognizable by any of the
seven murine monoclonal antibodies we have tested thus far.

Reactivity of Breast Cancer Sera with Tumor Cell Extract in ELISA:

Figure 8 represents the reactivity of sera from a breast cancer patient and a normal individual
against the extract of a breast cancer cell line in ELISA. Antibody titers in 100 serum samples from
breast cancer patients ranged from <1:100 to >1:12,000; whereas, such titers in normal control sera
were less than 1:300.

Isolation of IgG by DEAE Affi-Gel Blue:

As described in the methods section, an IgG fraction was prepared from a high titered serum from a
breast cancer patient. The isolated fraction was devoid of other serum proteins that could be
detected by immunoelectrophoresis using goat antibodies to whole human serum. The protein
concentration of the isolated fraction was 6.1 mg/ml. This fraction was used as the antibody source
in Western blot.

SDS-PAGE and Western Blot Analysis of NP-40 Extracts of Tumor and Fibroblastic Cell Lines:
Figure 9 depicts the Coomassie blue stainable protein heterogeneity of extracts of NP-40 lysed cells

of breast cancer, colon cancer, sarcoma, melanoma, and normal fibroblasts. The extracts were
prepared from 5 x 10° cells, and 20ul amounts of the extracts after reduction with 2-
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mercaptoethanol were loaded into lane of 6 to 20% gradient gels (Novex, San Diego, CA). After
electrophoresis, the gel was stained with Coomassie blue. Similar gels were run in duplicate; but
after electophoretic separation, the proteins were electo-transferred to nitrocellulose. One of the
nitrocellulose membrane after blocking with non-fat milk was reacted with 1:200 dilution (3ug IgG
protein) of antibody from serum of a breast cancer patient (Figure 10), and the other was reacted
with IgG fraction of the normal serum (Figure 11). While no appreciable reactivity was seen on the
blot reacted with IgG from normal serum (Figure 11), a prominent band at about 53kDa region was
visible in lanes loaded with breast cancer cell extracts but not in lanes loaded with other tumor cell
or fibroblastic cell extracts. In the preliminary studies, this appears to be a breast tumor-associated
antigen (TAA).

Preparation of murine monoclonal antibody to glycoprotein TAA.

It is described in the “Material and Methods” section (Task 2a) above.

Detection of in vitro formed TA-90-IC-Immune Complexes by the Murine Monoclonal
antibody Based ELISA (Immunologic Assay)

A polyclonal anti-glycoprotein TAA antibody purified from a baboon antiserum that was raised
against the glycoprotein-TAA (I/6), was used to generate IC in vitro. For this purpose the
baboon polyclonal antibodies were mixed with the purified glycoprotein TAA in different
protein proportions. After incubation at 37C for 30 min, the mixtures were tested to determine if
a positive signal was generated in the AD1-40F4 murine monoclonal antibody capture assay.
Goat anti-human IgG conjugated to alkaline phosphatase was used as the signal developer. We
have previously documented that the goat anti-human IgG enzyme conjugate reacts equally well
with the baboon IgG. Table 2 denotes that binding of the enzyme conjugate was the highest
when the immobilized AD1-40F4 murine monoclonal antibody was incubated and reacted with
the mixture of purified glycoprotein TAA and purified polyclonal baboon anti-TAA IgG.
Furthermore, this signal was consistently high over a wide range of antibody (baboon anti-TAA)
to antigen (glycoprotein TAA) at protein concentration ratios (3:1 to 90:1). Neither of the two
immune reactants (antigen or antibody) alone or pre-immune baboon IgG or human serum
albumin exhibited a signal greater than 0.200 O.D. at 405,,. These data confirmed our previous
(9) observations that the AD1-40F4 murine monoclonal antibody had no significant reactivity
with baboon IgG and human serum albumin, and that the enzyme conjugate had no affinity
(specific or non-specific) with either the murine monoclonal antibody or with the glycoprotein
TAA. These results clearly denote that the AD1-40F4 murine monoclonal antibody captured
baboon anti-glycoprotein TAA IgG via the glycoprotein TAA only, i.e., when the IgG antibody
was in the form of glycoprotein TAA-specifc immune complexes.

Reproducibility studies to assess the assay variability using a serum from breast cancer patients
in ten replicates revealed that inter-assay variations ranged from 0.806 to 1.311 ELISA value
with a mean of 1.010, standard deviation of 0.139 and coefficient of variation of 13.7%. These
values for intra-assay variations ranged from 0.849 to 1.214 with a mean of 1.007, standard
deviation of 0.105 and coefficient of variation of 10.4%.
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Incidence of TA-90-IC in normal control vs breast cancer patients.

Initially we analyzed serum samples from self-proclaimed healthy normals and breast cancer
patients. Figure 13 illustrates the distribution of TA-90-IC ELISA values of sera from 107
healthy normal females and from 106 breast cancer patients. In this experiment, the procurement
of the sera from breast cancer patients was random, i.e., no criterian with respect to pre- or post-
surgery, evidence or no evidence of disease, etc., was used in selecting the serum samples.
Comparative analysis of the data in normal and breast cancer group revealed that the normalized
ELISA value (mean + SD) of the normal control sera (0.212 + 0.088) was significantly (p <
0.05) lower than that of breast cancer patients (0.570 + 0.438). Furthermore, when an ELISA
value of 0.41 or greater was considered positive for the presence of the TAA-specific IC, the
incidence of the glycoprotein TAA-specific IC was significantly (p <0.05) greater in the breast
cancer group (67/106, 63%) than the normal group (3/107, 2.8%).

While the incidence of TA-90-IC in the normal group was not affected by age, it was
significantly higher (p <0.05) in breast cancer patients that were over 60 years old (88%, 23/26)
compared to those that were under 60 years old (55%, 44/80) (Fig. 14).

Of the 90 IDC breast cancer patients, 58 (64%) were positive for the glycoprotein TA-90-IC;
whereas, this incidence was lower 56% (9/16) in DCIS breast cancer patients (Table 3). The
lower incidence in DCIS patients may be due to the non-aggressive nature of the ductal
carcinoma in situ.

Isolation of B-Cells from Blood of Breast Cancer Patients and Transformation with Epstein Barr
Virus:

Peripheral blood lymphocytes (PBL) were isolated from ten breast cancer patients when they had
high antibody levels (titer of >1:10,000) against breast cancer extract by ELISA. PBLs were treated
to enrich for B-cells and transfected with EBV as described in the methods section. Despite success
in the transformation of all of the B-cells, supernatant of only one lymphoblastoid cell line (LCL-4)
showed reactivity to breast cancer cell extracts and its spent culture medium in ELISA and Western
blot (Figure 12). The band visible in Western blot is of high molecular weight. The
immunoglobulin isotype secreted by LCL-4 is IgM.

Association among Glycoprotein TA-90-IC, CEA and CAI5-3.

CEA and CA15-3 have been considered useful tumor markers in the prognosis and monitoring of
breast cancer patients. We compared the glycoprotein TAA-specific IC results using 68 serum
samples of breast cancer patients selected on the basis of the presence of the disease. The two
tumor markers, CEA and CA15-3, are not known to be immunogenic in cancer patients. Of the
68 serum samples 55 (80.9%) were positive for the glycoprotein TAA-specific IC, 16 (23.5%)
were positive for CEA, and 23 (33.8%) were positive for CA15-3. Despite higher incidence of
glycoprotein TAA-specific IC than CEA or CA15-3, it was observed that some serum samples
that were positive for CEA or CA15-3 were not necessarily positive for the glycoprotein TA-90-
IC.
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As shown in Table 4, statistical evaluation of the data by Fisher's exact test revealed that there
was no significant associations between the glycoprotein TAA and CEA or CA15-3 (p > 0.05).
However, when either of the three or all of the three positive markers were taken into
consideration, the incidence of positivity increase from 80.9% to 91% (Table 5).

Application of TA-90-IC ELISA to Analyze Pre- and Post-operative Serum Samples:

From a group of 128 breast cancer that were positive for TA-90-IC pre-operatively, serum samples
were obtained retrospectively 2 to 12 weeks after surgical resection of all of the accessible tumor.
The serum samples (256 total) obtained before surgery and after surgery were analyzed by the TA-
90-IC ELISA. Of the 128 patients, 76 (59%) became negative after surgery for the marker,
suggesting either a complete resection of the tumor or a reduction in tumor burden to a level below
the threshold level that could result in the serum to become TA-90-IC positive. Despite surgical
resection of the accessible tumor, there were 52 patients who remained positive for the TA-90-1C
marker. Longitudinal clinical follow-up of the patients revealed that 34 of 52 (65%) post-
operatively positive patients developed recurrent disease within five years. On the contrary, 9 of 76
(12%) of the post-operatively TA-90-IC negative patients developed recurrent disease (p < 0.05).
Thus, it is apparent that in the group of patients in whom the TA-90-IC values remained positive, all
of the disease was not resected and these patients harbored micrometastases. This translates to the
fact that TA-90-IC marker can effectively identify patients with poor prognosis. Many patients who
remained disease free for greater than 5 years were consistently negative for the TA-90-IC (Figure
15) and patients who had developed recurrent disease either remained positive after removal of
tumor or became positive for the marker before clinically detectable disease (Figure 16).

Statistical analysis of TA-90-IC positive and negative patients by the Mantel-Cox method revealed
that the two groups differed significantly (p< 0.05) in terms of recurrence rate. The incidence of
TA-90-IC positivity was not related to the duration of post-operative recurrence. The time to
recurrence in TA-90-IC positive patients ranged from 1 to 58 months with a mean + SD of 29 + 16
(Table 6). These results again suggest a positive correlation between postoperative presence of
TAA-specific IC and subclinical residual or recurrent disease.

Clinical Utility of TA-90-IC in Conjunction with Results of Biopsy of Abnormal Mammography:

We are continuing to analyze serum samples taken at the time of biopsy of suspicious breast
nodules that are identified by mammography. As depicted in Table 7, the correlation of TA-90-IC
results with histopathological findings is excellent. Of the 151 abnormal mammograms, 75 patients
had no malignancy by histopathology. These patients were considered clinically free of disease;
however, 7% (5/75) sera of these patients were positive for TA-90-IC. Eleven percent (17/151)
patients had histopathologically proven ductal carcinoma in situ and 39% (59/151) had invasive
ductal carcinoma. The incidences of TA-90-IC in sera of these two groups of patients at the time of
biopsy were 47% and 64%, respectively. Overall, 34% (51/151) patients with abnormal
mammography were positive for the TA-90-IC and 66% (100/151) were negative. These results
clearly denote that the TA-90-IC marker could be a valuable adjunct to mammographic screening of
women.
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Biopsy specimens were characterized as benign, ductal carcinoma in situ (DCIS), or invasive
carcinoma. The distribution of positive and negative TA-90-IC values for each pathology is
shown in Table 8. Mean TA-90-IC was 0.254 + 0.239 OD in the 82 patients with benign lesions,
0.315 £ 0.230 OD in the 14 patients with DCIS, and 0.436 + 0.209 OD in the 42 patients with
invasive lesions; the difference between benign and invasive groups was highly significant
(p=0.0001).

Of the 138 patients studied, 42 had invasive carcinoma, 31 (74%) with a positive TA-90-IC; 14
patients had DCIS, 4 (29%) with a positive TA-90-IC; and 82 had benign lesions, 6 (7%) with a
positive TA-90-IC.

Of the 82 patients with benign pathology report, 72% had abnormal mammogram and 7% were
positive for TA-90-IC. Of the 14 patients with DCIS pathology report, all (14/14) had abnormal
mammogram and 29% were positive for TA-90-IC. On the contrary, of the 42 patients whose
pathology reports revealed invasive carcinoma of the breast, 86% had abnormal mammogram
and 74% were positive for TA-90-IC.

Twenty-six patients had a normal mammogram in the face of a palpable mass, and one had a
normal mammogram and a bloody nipple discharge. Of these 27 patients, none had DCIS; 6
(22%) had invasive carcinoma, 4 with a positive TA-90-IC; and 21 (88%) had benign lesions,
none with a positive TA-90-IC. Mammography was positive in 9 patients with invasive
carcinoma and negative in six patients with invasive carcinoma. Mammography was positive in
14 patients with benign lesions and negative in 21 patients with benign lesions (Table 9).

Among the 42 patients with invasive breast cancer, 27 (64%) had a positive mammogram plus a
positive TA-90-IC, 4 (10%) had a positive TA-90-IC only, 9 (21%) had a positive mammogram
only, and 2 (5%) had neither a positive mammogram nor a positive TA-90-IC.

Of the 56 patients with invasive carcinoma or DCIS, 52 had lesions evaluable by size. Of the 15
patients with tumors <1 cm, 6 (40%) had a positive TA-90-IC. Of the 37 patients with tumors >
1 cm, 28 (82%) had a positive TA-90-IC (p=0.014). Thirty-one of the 56 tumors were tested for
S-phase. Of the 20 patients with a positive TA-90-IC, 8 (40%) had tumors with an S-phase
greater than 5%, of the 11 patients with a negative TA-90-IC, only 3 (27%) had tumors with an
S-phase greater than 5%. However, statistical analysis using S-phase and TA-90-IC as
continuous variables revealed a positive correlation between TA-90-IC and S-phase (Spearman
correlation coefficient =0.4011; p=0.0253) (Figure 17). There was no demonstrable association
between TA-90-IC value and tumor grade among 45 patients with invasive or noninvasive
tumors (Spearman correlation coefficient = 0.2789, p=0.0635) or among the subgroup of 34
patients with invasive tumors (Spearman correlation coefficient=0.3040, p=0.0804).

Of the 38 tumors tested for estrogen receptors (ER) and progesterone receptors (PR), 7 were ER-
negative: 6 (86%) of these were TA-90-IC positive, compared with 21 (68%) of the 31 ER-
positive tumors (p=0.8282). Of the 7 PR-negative tumors, 5 (71%) were TA-90-IC positive,
compared with 22 (70%) of the 31 PR-positive tumors (p=0.5097). Of the 34 tumors tested for
HER2/neu expression, 8 were positive: 6 (75%) of these were TA-90-IC positive, compared with
17 (65%) of the 26 HER2/neu-negative tumors (p=0.3056).
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The serum of 36 patients with a malignancy was tested for CEA and/or CA15-3 in addition to
TA-90-IC. CA15-3 was positive in 3 patients (one invasive carcinoma, 2 DCIS) out of 32
patients (26 invasive carcinoma, 6 DCIS). CEA was positive in 2 patients (invasive carcinoma)
of 33 patients (26 invasive carcinoma, 7 DCIS). Of the 36 patients, 24 (67%) were positive for
TA-90-IC, whereas only 3 (8%) were positive for CEA or CA15-3 (Table 10). One patient with
DCIS had a positive CA15-3 but a negative CEA and TA-90-IC. Of the 22 patients with a
positive TA-90-IC and invasive carcinoma, only 2 were positive for CEA or CA15-3. This
confirms our earlier study demonstrating the superior sensitivity of the TA-90-IC assay (/7).

Of the 42 invasive carcinomas, 17 were American Joint Committee on Cancer (AJCC) Stage I,
18 were AJCC stage Ila, 5 were AJCC stage IIb, and 2 were AJCC stage IIla. TA-90-IC values
were positive in 11 (65%) stage I tumors, 14 (78%) stage Ila tumors, 5 (100%) stage IIb tumors,
and 1 (50%) stage IIla tumor (Figure 18).

One hundred and fifty-seven breast biopsies were performed in the same number of patients.
Benign disease was found in 88 patients (56%), ductal carcinoma in situ (DCIS) was found in 17
patients (11%), and invasive adenocarcinoma was found in 52 patients (33%). Of the 52 patients
with invasive carcinoma, 23 had American Joint Committee on Cancer stage I disease, 21 had
stage ITA, 3 had stage IIB, and 5 patients had stage IIIA disease (Table 11).

Serum samples for the TA-90-IC assay were available for all 157 patients. Average TA-90-I1C
values were 0.282 for benign disease (median 0.189), 0.327 for DCIS (median 0.182), and 0.460
for invasive carcinoma (median 0.462). In those patients with invasive cancers, the mean TA-90-
IC values were 0.534 for stage I, 0.370 for stage IIA, 0.452 for stage IIB, and 0.455 for stage IIL
The percentage of patients with elevated TA-90-IC values increased from benign disease to
DCIS to invasive cancer (Figure 19, p<0.0001).

Table 12 shows the pathologic findings of open biopsy according to the results of mammography
and TA-90-IC assay. Of the 105 patients with suspicious or indeterminate mammograms, 64
(62%) had normal levels of TA-90-IC. Thirteen of these 64 patients had invasive disease, 9 had
DCIS, and 42 had benign disease on pathologic examination. Forty-one patients had both a
positive mammogram and an elevated TA-90-IC level: 30 had invasive cancer, 6 had DCIS, and
only 5 had benign disease. Therefore, in the group of patients with positive mammograms, TA-
90-IC assay correctly identified 42 of the 47 benign biopsies (89%), but missed 13 of the 43
(30%) invasive cancers and 9 of the 15 (60%) DCIS cases (Table 12).

Of the 52 patients with a negative mammogram, 41 had normal TA-90-IC levels: on pathologic
examination, 3 had invasive cancer, 1 had DCIS, and 37 (90%) had benign disease. Of the 11
patients with elevated TA-90-IC, 6 (55%) had a cancer, 1 (9%) had DCIS, and only 4 (36%)
were benign on pathologic examination. Therefore, the addition of TA-90-IC to a negative
mammogram correctly identified 7 of the 11 cancers missed by mammography (Table 12). In
total, of the 69 cases of DCIS and invasive cancers, 11 (16%) were missed by mammography
and 26 (37.7%) were missed by TA-90-IC assay but only 4 (5.8%) were missed by both tests.

The corresponding sensitivity, specificity, positive predictive value (PPV), false positive rate
(FPR), and overall accuracy of the two screening tests are listed in Table 13. The patients who
presented with indeterminate and/or suspicious mammograms were considered positive
radiographically; the patients who presented with DCIS and/or with invasive adenocarcinoma
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pathologically were considered positive for these calculations. Although the sensitivity of
mammography alone was higher than that of TA-90-IC (84% vs. 77%, p=0.0038), all other
parameters, specifically FPR (54% vs 10%, p=0.0038) were superior when TA-90-IC was used
as the screening test. A combination of tests, defined as an elevation of either test, yielded a
superior sensitivity (94%) than each test alone, but at the expense of increasing FPR and
decreasing overall accuracy.

Excluding the 20 indeterminate mammograms, which potentially could have biased the accuracy
of mammography in a negative fashion, did not significantly affect the analysis (Table 13).
Mammography remained slightly more sensitive than TA-90-IC assay (82% vs. 61%
respectively, p=0.007), but at the expense of higher FPR (46% vs. 21% respectively, p=0.007)
and lower overall accuracy (66% vs. 77% respectively, p=0.0056).

Looking only at the subset of patients with benign disease, the number of positive TA-90-IC tests
was significantly lower than the number of positive mammograms (Table 14); this discrepancy
was significant in all age groups except patients over 70 years of age. Among all 56 patients
younger than 50 years of age, 6 of the 16 cases of invasive and noninvasive cancers were missed
by mammography, 5 were missed by TA-90-IC assay, but only one was missed by both tests
(Table 12). In this age group the overall accuracy of mammography decreased to 58% but the
accuracy of TA-90-1C improved to 87% (Table 13).

DISCUSSION

Serological tumor markers are considered to be useful in the early detection and monitoring of
metastases for early and effective treatment to increase the duration of disease free and/or overall
survival (I8, 19). However, with the exception of CA15-3, recent reports have questioned the
value of many of these sensitive markers both in diagnosis of systemic disease and in assessing
response to therapy (20, 21). In this investigation, we have analyzed serum samples from breast
cancer patients to determine the usefulness of an antigen specific immune complex detection
assay. This marker differs from the existing tumor markers in that it determines the presence of
a glycoprotein TAA which is immunogenic in patients and circulates in the form of immune
complexes in the blood. The detection assay can be considered as a form of double-antibody
sandwich ELISA in which the immune complexes present in the test sample are captured by an
immobilized murine monoclonal antibody, AD1-40F4. This monoclonal antibody was
specifically developed using the purified glycoprotein TAA defined by autologous and
allogeneic antibodies, and recognizes an epitope different from those recognized by the
autologous antibodies.

There is sufficient evidence in literature to suggest that estimation of immune complex levels or
their fluctuations during the course of malignant disease might predict the outcome of the disease
(22). However, unlike other tumor markers, one of the drawbacks, which inhibited the
application of this technology in a clinical setting has been the use of antigen non-specific assays
for the detection of immune complexes. The use of antigen-nonspecific assays resulted in
inconsistent results, because some of the material detected by these assays were characterized to
be aggregated IgG, reaction products of denatured self-proteins, polyamines, or bacterial
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lipopolysaccharides (23). In general, immune complexes detected in sera of cancer patients have
been characterized with respect to their size and the presence of anti-Ig and anti-tumor
antibodies, and tumor or other antigens. A number of methods have been used to isolate and
characterize the antibody and antigen components of the immune complexes (24). However,
manipulations of the in vivo formed immune complexes are prone to introduce artifacts for
characterization in subsequent studies; thus, providing inaccurate results.  Therefore,
development of an assay such as the one used in this investigation which detects antigen-specific
immune complexes without any pre-treatment or manipulation of the test sample represents a
significant and major advancement in the area of immunodiagnosis of human cancer.

It can be argued that immune complexes present in circulation may be composed of either IgG or
IgM antibodies or both; however, anti-tumor antibodies of IgG type to macromolecular antigens
are more prevalent (25), and the TA-90-IC assay can be modified to detect immune complexes
containing IgM antibody by using anti-human IgM conjugate. We feel that the success of the
TA-90-IC assay for the detection of cancer is for the following reasons. The immunogenic
tumor antigens shed into circulation by growing tumor cells are in small quantities and are
neutralized by the humoral antibodies (26). Therefore, the results of any sensitive methods
applied to detect free antigens in serum or plasma are generally negative; however, detection of
human antibody (immunoglobulin) molecules via the antigen captured by the immobilized
MuMoAb gives an amplification effect. This is because the unreduced antigen is a complex of at
least four different subunits (/0), each of which is immunogenic in the cancer host and thus can
bear multiple in vivo reacted immunoglobulin molecules. Furthermore, glycoprotein TAA being
immunogenic in cancer patients should circulate in the bloodstream in the form of immune
complexes, particularly at the time when the source of the antigen (tumor) is present only in
small amounts.

The serum level of 90kD glycoprotein TAA, as assessed in the form of immune complexes, was
uniformly low in the control group of 107 apparently healthy females. The values (0.212 +
0.088 OD4osnm) Observed in this investigation were comparable to those reported earlier (0.249 +
0.080 ODyosnm) from our laboratory where the control group was comprised of 250 normal males
and females (/5). Furthermore, the incidence of positive values were comparable (2.8% vs
3.2%). In this investigations where serum samples were obtained from patients with a history of
breast cancer, elevated serum levels of 90kD glycoprotein TAA were observed at a frequency of
about 63%. These results confirm and significantly expand the initial observation that the 90kD
glycoprotein TAA marker could be detected in greater proportion of breast cancer patients as
well (27). It is of particular interest to note that the incidence of 90kD glycoprotein TAA in
breast cancer patients was affected by age. It has been reported that the mortality rate in younger
breast cancer patients is significantly lower in contrast to older breast cancer patients (28, 29).
Patients with an age of greater than 60 years showed significantly greater incidence than those
patients who were younger than 60 years. It would appear as if the tumors of younger women do
not express this antigen or the tumor cells do not release it into circulation. Is it due to dormancy
or different metabolic turnover rates of surface molecules? We are currently in the process of
correlating the expression of the glycoprotein TAA with the level of expression of
estrogen/progesterone receptors by the breast cancer cells. These hormones have been reported
to modulate the expression of surface macromolecules, e.g. cerebellar responses to amino acid
neurotransmitters (30).
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It is obvious that the TA-90-IC detection assay described here is not 100% accurate in
identifying breast cancer sera. Furthermore, as low it may be, certain proportion of sera from
normal controls was positive for the marker. The presence of 90kD glycoprotein TAA in normal
population is unexplainable at this time; however, it may be possible that these apparently
healthy individuals had occult neoplasm at the time of serum sampling. This possibility of
existence of occult disease is difficult to prove or disprove.

Despite the fact that we have not reached 90% or greater accuracy in predicting the outcome of
breast cancer patients using the TA-90-IC assay, the results presented here are highly
encouraging. This study describes one of the unique approaches to immunodiagnosis of human
cancer via detecting an immunogenic tumor antigen in circulation, its specificity can be
significantly enhanced by incorporating other existing tumor markers, such as CEA (3/) and
CA15-3 (32-34). Extensive evaluation of CEA in combination with other tumor markers or
alone for clinical correlations with the clinical course of breast cancer patients has resulted in
conflicting reports [34-38]. In fact, it has been suggested that CA15-3 correlated with the stage
of disease and in metastatic patients with the response to treatment (39-44). Use of this novel
marker (tumor antigen-specific immune complexes) in conjunction with CEA and\or CA15-3
may prove to be more sensitive than when used alone for immunodiagnosis and
immunoprognosis of breast cancer.

Our continued efforts in the application of the 90kD glycoprotein TA-90-IC assay have revealed
that this marker can indicate the presence of residual disease after surgical resection in breast cancer
patients. This is apparent from the observation that 41% post-operative patients were positive for
the TA-90-IC. Also, longitudenal clinical follow-up of the TA-90-IC positive patients revealed that
post-operative presence of TA-90-IC in serum identified patients that were at high risk of
developing recurrence. Clearly, the TA-90-IC alone is not a perfect marker because there were
some patients (12%) in the post-operative TA-90-IC negative group that developed recurrent
disease. This could be due to the fact that recurrent tumor of these patients did not express the 90kD
glycoprotein antigen. Furthermore, some patients that were positive post-operatively did not
develop recurrent disease for at least up to five years of follow-up. We feel that residual disease in
these patients either regressed or remained dormant for the duration of their clinical follow-up.
Therefore, it is necessary to identify tumor-associated antigens that are more or less breast cancer
specific and are immunogenic in the host.

At the present time breast mammography is recommended for asymptomatic women, every one to
two years between the ages of 40 to 49, and once a year for those over 50. However, abnormal
mammograms do not necessarily mean the presence of malignant disease. Often, histopathologic
examination of biopsy of the lesions revealed them to be benign. Correlation of the results of
histopathologic analysis of biopsy and analysis of the serum taken at the same time for TA-90-IC
from women with abnormal mammograms, revealed that TA-90-IC or similar marker could be a
valuable adjunct to mammography. However, as indicated above, like any tumor marker, the TA-
90-IC marker could not be solely relied upon for clinical judgements in the care of patients until the
present results are validated by further studies.
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We selected a serum with an IgG antibody titer of 1:12,800. This serum sample from a breast
cancer patient was used to successfully isolate IgG antibodies by the DEAE Affi-Gel blue
chromatography. The purity of the antibody was such that no arc other than IgG was seen in
immunoelectrophoresis using a goat antiserum directed to whole human serum. Using the purified
IgG from sera of breast cancer patient and normal control volunteer, we have identified a band of
about 53kDa (TAA) in the NP-40 extract of breast cancer cell lines using the Western blot
technique. In addition, we have been able to isolate and immortalize B-cells from breast cancer
patients. One of the lymphoblastoid cell line (LCL-4) established in this manner continues to
produce an IgM antibody that reacts with a band in the high molecular weight region in breast
cancer cell extract and its spent culture medium in Western blot and ELISA.

Investigations undertaken during the past year have evaluated the utility of TA-90-IC for
identifying patients with early breast cancer in a prospective manner. Results indicate that TA-
90-IC shows promise as an adjunct to mammographic screening. Eighty-five percent of patients
with a positive TA-90-IC had a breast malignancy. Of the 97 patients with a negative TA-90-1C,
76 (78%) had benign disease and 21 (22%) had a malignancy. Only 6 of 82 (7%) patients with a
benign lesion had a positive TA-90-IC, whereas 4 of 6 patients with invasive carcinoma and a
normal mammogram had a positive TA-90-IC (Figure 20). Of 29 patients with a normal
mammogram, 6 (21%) had a malignancy; similarly, 21 of 97 (22%) TA-90-IC values <0.41 OD
were falsely negative. Five (45%) of the 11 patients with a positive mammogram had a
malignancy. When TA-90-IC and/or mammographic results were combined, 54 of 56 (96%)
breast neoplasms were detected.

Although mammography has reduced the mortality of breast cancer by about one-third in
patients 50 to 69 years old, it has limitations. Not all breast cancers are demonstrable on
mammography, in which case the mammogram would be falsely negative. In our study, 4 of 42
(10%) patients with invasive carcinoma had a negative mammogram. Coveney et al (46) found a
16.5% false-negative rate for mammography in 291 patients of all ages with palpable cancers.
Retrospective review of false-negative mammograms showed that 30% were normal (true
negatives), 20% were obvious oversights, and 50% had radiographic abnormalities that were
indeterminate. A serum marker indicating whether or not a lesion was malignant should
decrease the rate of false-negative mammography. This would be particularly useful in 40-49
year old patients without a palpable mass (43).

False positives are also a problem with mammography. Only 17% to 32% of non-palpable
lesions found on mammography are malignant (46-55). Therefore, a large percentage of open
biopsies reveal benign disease. Because women younger than 50 years have a much higher rate
of false-positive mammograms (48, 56), the cost of screening mammography is five times higher
in the 40-49 year age group than the 50-69 year group (57). The current consensus of the
National Institutes of Health is that mammography can not universally be recommended in
women between 40 and 49 years old (58). A serum marker that could distinguish between
benign and malignant lesions on a mammogram should make mammography in this age group
more cost-effective and beneficial.

Serum tumor markers have been described for the early detection and monitoring of metastases
from a primary breast cancer (59, 60). However, many of these markers are questionable, with
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the possible exception of CA15-3, in regards to both diagnosis of systemic disease and response
to therapy (61, 62). Tomlinson et al (63) reported 70% sensitivity, 96% specificity, and an 87%
predictive value for CA15-3 in metastatic disease, but this marker does not appear to be useful in
screening. Our study confirmed this finding — only 3 of 32 patients with a malignancy had a
positive CA15-3. Serum markers such as TPS (64), alpha-1-antiprotease (65), YKL-40 (66),
MCA (67), and c-erbB-2 (68-71) have shown promise in predicting survival and monitoring
disease regression or recurrence, but are not suitable for screening.

KEY RESEARCH ACCOMPLISHMENTS

A 90kD glycoprotein tumor associated antigen (TA-90) has been isolated, purified and

characterized with respect to its:

- expression by breast cancer cell and detection in tissue culture spent culture medium

- immunogenic characteristic in cancer patients

- patients may have high levels of antibodies to this antigen

- any release of the antigen by the growing or dormant breast cancer cells into circulation
of the patients is not immediately realized because of neutralization of the antigen

A new tumor associated antigen which is recognized by allogeneic serum samples from
breast cancer patients has been identified in cell free extracts of breast cancer cell lines.

A lymphoblastoid cell line was established from Epstein Barr virus (EBV) transformed B-
cells of a breast cancer patient.

A murine monoclonal to the 90kD glycoprotein TAA was developed.

The murine monoclonal antibody was used to develop an assay that is capable of detecting
antigen-specific immune complexes in serum samples of breast cancer patients.

After optimization the new immunologic assay was found to be useful in identifying breast
cancer patients who harbored occult micrometastases.

Like most other tumor markers, the immunologic (TA-90-IC) assay did not appear to be
100% accurate. There were some false positive and some false negative results; however,
false predictive values were less prominent than many other markers that are commonly used
currently.

Comparison of the TA-90-IC results in breast cancer patients with evidence of disease with
the results of CEA and CA15-3 revealed that the incidence of abnormal values could be
increase to about 90%. Thus, the newly developed assay could be used in conjunction with
other markers with increased sensitivity for immunodiagnosis and prognosis.

Seventy-four percent of patients with invasive breast cancers had elevated TA-90-IC levels

compared with 7% of patients with benign disease; thus, it may be of benefit in identifying a
neoplasm missed by mammography.
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The TA-90-IC levels in breast cancer patients did not correlate with estrogen and progestrone
receptor status or with Her-2-Nu expression.

Levels of TA-90-IC decrease significantly for patients who undergo successful resection of
the disease.

REPORTABLE OUTCOMES
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- development of cell lines, tissue or serum repositories:

In this project we have used two different breast cancer cell line that were established
at JWCI before initiation of this project. However, 37 breast cancer tissues were
processed to prepare antigen targets in various experiments during the period of this
grant. Of these 22 tissues were invasive ductal or lobular carcinomas of the breast,
and 15 were ductal carcinoma in situ. In addition, we have obtained and used 327
blood samples from breast cancer patients as the source of antibody and peripheral
blood lymphocytes.

- informatics such as databases and animal models, etc.: None.

- funding applied for based on work supported by this award: Yes, to the California Breast
Cancer Research Program. However, the grant was not funded.

- employment or research opportunities applied for and/or received on experiences/training
by this award: Not applicable.

CONCLUSIONS

Investigations conducted in this award resulted in many useful reagents and information. As
outlined in the key research accomplishment section above, a 90kD glycoprotein has been
purified to near homogeneity. This antigen is immunogenic in breast cancer patients. A murine
monoclonal antibody of IgM isotype was developed. This monoclonal antibody recognized an
epitope on the antigen that is different from the ones recognized by the allogeneic (patient’s)
antibodies. This murine monoclonal antibody was used to develop an immunologic assay to
assess the TA-90 specific immune complexes (TA-90-IC) as a marker in the sera of breast cancer
patients. Results of investigations conducted in this grant award indicate that TA-90-IC is a
potentially useful screening marker for patients with early breast carcinoma. Although a higher
proportion of stage Ila patients were TA-90 positive, 11 of 17 stage I patients were positive for
TA-90-IC as well. This means that TA-90-IC is detectable in the blood of patients with smaller,
pre-metastatic tumors. Although this marker is not 100% sensitive or specific, it complements
mammography by identifying cancers by an independent means. In our study, we showed that
TA-90-IC could identify 67% of tumors not visualized on a mammogram. Of course, these
tumors were palpable and did not present a diagnostic dilemma. In this group of patients, all of
whom had an indication of breast biopsy, TA-90-IC proved to be a useful adjunct to
mammography. Furthermore, comparison of the immunologic assay results with those of CEA
and CA15-3 revealed that there was no significant association between TA-90-IC, CEA and
CA15-3. When either of the three positive markers were taken into consideration incidence, the
incidence of positivity increased from 80.9% to 91%.
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TABLE 1

YIELD AND FOLD-PURIFICATION OF 90kDa_ SUBUNIT OF TAA

Purification  Total Protein Total Antigenic Total Purification  Yield

step volume conc. protein  activity antigen

(ml) (mg/ml) (mg) (units/mg)®  (units)  (fold) (%)
100x . ' |
concentrated 144 19.98 2877 25 . 71,925 1 100
urine
Sephacryl 140 0.21 294 1190 35,000 47.6 48.7
S-200 peak-I.
Sephacryl
S-200 10 0.04 0.4 25000 10,000 1,000 139
peak-1I after
reduction and
alkylation

* One unit of antigenic activity is defined as the minimum amount of protein
required to cause 50% inhibition of binding between = TAA and ADI1-40F4.
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TABLE 2.  Detection of purified glycoprotein TAA after mixing with purified baboon
polyclonal IgG antibody by the murine monoclonal antibody, AD1-40F4, capture assay.

Test material Absorbance at 405,n
Immobilized murine monoclonal antibody (control)® 0.042
+ baboon anti-glycoprotein TAA (44 ug purified IgG/ml) 0.138
+ glycoprotein TAA (15 ug protein/ml) 0.068
+ human serum albumin (20 ug/ml) 0.162
+ pre-immune baboon IgG (50 ug/ml) 0.129

+ mixture of baboon anti-TAA IgG (44 ug/ml) and:

glycoprotein TAA (15 ug/ml) 0.686
glycoprotein TAA (5 ug/ml) 0.869
glycoprotein TAA (1.6 ug/ml) 0.714
glycoprotein TAA (0.53 ug/ml) 0.753
human serum albumin (20 ug/ml)"’ 0.153
human serum albumin (10 ug/ml)"’ 0.218
human serum albumin (5 ug/ml)® 0.176

+ mixture of pre-immune baboon IgG (50 ug/ml) and:

glycoprotein TAA (15 ug/ml) 0.188

*Anti-90kD glycoprotein TAA murine monoclonal antibody in the form of ascites (100 ug protein per ml)
was immobilized to the wells of glutaraldehyde-activated microtiter plates.

®Human serum albumin was used as control to determine the effect of nonspecific protein control.
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TABLE 3. Incidence and level of 90kD glycoprotein TAA-specifc IC in two different

histologic types of breast carcinoma.

ELISA values
Histologic Total Number Percent Range Mean SD
types number positive positive
Invasive ductal CA 90 58 64 0.000-2.038 0.453 0.365
Ductal CA in situ 16 9 56 0.046-1.357 0.412 0314
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TABLE 4. Association between serum glycoprotein TA-90-IC and CEA or CA15-3.

Glycoprotein TA-90-IC

Positive’ Negative Total
CEA Positive 13 3 16
Negative 42 10 52
Total 55 13 68
p>0.05
CA15-3 Positive 18 5 23
Negative 37 8 45
Total 55 13 68
D >0.05

* An ELISA value of greater than 0.41 OD at 405, was considered positive.
** A value of greater than 2.5 ng CEA/ml was considered positive.

*** A value greater than 30 U of CA15-3/ml was considered positive.
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TABLES. Incidence of positivity for glycoprotein TA-90-IC, CEA and CA15-3 or their
combination in sera from breast cancer patients.

Marker (n=068)
(Alone or in combination)
Number positive Percent positive
Glycoprotein TA-90-IC only 55 81
CEA only 16 24
CA15-3 only 23 34
CEA or CA15-3 30 44
TA-90-IC or CEA 48 71
TA-90-IC or CA15-3 60 88
TA-90-IC or CEA or CA15-3 62 91
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TABLE 6:  Correlation between 90kD glycoprotein TA-90-IC and post-operative recurrence in

breast cancer patients.

Patient’ Number of ~ Number of

recurrence group patients in TA-90-IC positive ~ Time (months) between TA-90-1C

(Months) group patients positive and recurrence
Range Mean SD

<12 8 6 l1to11 6 4

12-24 8 6 14 t0 20 17 2

25-36 13 9 251033 29 3

37-48 8 7 37 to 47 40 3

49 - 60 6 6 49t0 58 54 4

All patients 43 34 1to 58 29 16

* Patients were grouped on the basis of recurrence of disease after removal of primary disease.
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TABLE 7. Correlation between TAA-specific-IC and histopathologic results of biopsy tissue of
patients with abnormal mammography (Total 151 patients).

90kDa glycoprotein TA-90-1C

Histopathology result N Positive Negative
Ductal Ca in situ 17 (11%) 8 (47%) 9 (53%)
Invasive ductal Ca 59 (39%) 38 (64%) 21 (36%)
No malignancy 75 (50%) 5(7%) 70 (93%)
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TABLE 8. Correlation between TA-90-IC Levels and Pathological Findings.

TA-90-1C
BENIGN DCIS INVASIVE TOTAL
LEVELS
TA-90-
IC<041 76 (93%) 10 (71%) 11 (26%) 97 (70%)
TA-90- 6 (7%) 4 (29%) 31 (74%) 41 (30%)
IC >0.41

TOTAL 82 14 42 138
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TABLE 9.  Correlation between TA-90-IC and mammographic results according to pathology
of the breast lesion

Pathology of the Breast Lesion

Screening test Benign DCIS Invasive cancer
results ,

TA-90-IC (+) 6 4 27
Mammography+

TA-90-IC (+) 0 0 4
Mammography-

TA-90-1C (-) 53 10 9
Mammography+

TA-90-IC (-) 23 0 2
Mammography-
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TABLE 10. Incidence of three serum markers (TA-90-IC, CEA, CA15-3) in sera
of patients with DCIS or invasive breast cancer.

Histopathology of breast lesion

Marker status DCIS Invasive cancer
TA-90-IC (+) 0 2
CEA/CA15-3+

TA-90-IC (+) 2 20
CEA/CA15-3-

TA-90-TC (-) 1 0
CEA/CA15-3+

TA-90-IC (-) 4 7
CEA/CA15-3-
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TABLE 11. Mammographic Findings, TA-90-IC Levels, and Final
Histopathologic Outcome in All 157 Patients Studied

Pathologic Findings (number of patients)

Invasive Cancer (by AJCC® Stage) DCIS? Benign
Test Results I II I All
Mammogram only '
Suspicious 18 18 2 38 13 34
Indeterminate 4 0 1 5 2 13
Benign 1 6 2 9 2 41
TA-90-IC only

Elevated 15 17 4 36 7 9
Normal 8 7 1 16 10 79

§ American Joint Committee on Cancer; } Ductal Carcinoma in Situ
+ McNemar’s test (for paired data): compares TA-90-IC elevation with positive mammogram

results (suspicious and indeterminates combined), p <0.0001
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TABLE 12. Results Subdivided First by Mammography and Then by TA-90-IC Level, for the Entire Group of 157

Patients and Then for the 56 Patients Below the Age of 50

Pathologic Findings
(number of patients in each group)
Cancer Benign
Invasive DCIS
All Patients
Mammo + | TA90+ v=41) 30 6 5
(N=105) TA90- (N=64) 13 9 42
Mammo — | TA90+ v=11) 6 1 4
(N=52) TA90- (N=41) 3 1 37

Number of invasive tumors missed by a negative TA90 = 16/52
Number of DCIS tumors missed by a negative TA90 = 10/17
Number of benign tumors missed by a positive TA90 = 9/88

Patients < 50 years old

Mammo + | TA90+ (v=7) 5 1 1
(N=28) TA90- (v=21) 2 2 17
Mammo — | TA90+ (v=6) 4 1 1
(N=28) TA90- (N=22) 1 0 21

Number of invasive tumors missed by a negative TA90 = 3/12
Number of DCIS tumors missed by a negative TA90 = 2/4
Number of benign tumors missed by a positive TA90 = 2/40

<

‘Mammo + includes suspicious and indeterminate mammograms combined into one group, ‘Mammo —
includes negative mammograms only; ‘TA90 + includes elevated TA-90-IC levels, ‘TA90-¢ includes
normal TA-90-IC levels.
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TABLE 13. Accuracy of Mammography Compared with TA-90-IC Assay

Sensitivity Specificity PPV Accuracy FPR
All Patients
Mammogram 84% 46% 54% 62% 54%
TA-90-IC 77% * 90% ¢ 82% % 84%* 10% *
Patients < 50
years old
Mammogram 67% 55% 34% 58% 45%
TA-90-IC 67% 93%$ 83% 87% 7%

Indeterminate Mammograms Excluded

Mammogram 82% 54% 58% 66% 46%

TA-90-IC 61%* 79% 8 82% 8 77% % 21%*

Test

Combinations

Either Positive 94% 41% 56% 64% 59%

Both Positive 50% 95% '89% 75% 5%
§p<0.0001 tp<0.007 *p<0.005
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TABLE 14. Analysis of False Positive TA-90-IC Levels or Mammograms (Suspicious or
Indeterminates Combined) in the Subset of Patients with Benign Histopathology

Age n TA-90-1C Mammogram p-value *
Group Elevated Suspicious Indeterminate Combined
n % n % n % %

25-39 13 1 7.7 2 15.4 5 38.5 53.8 0.0313
40-49 27 1 3.7 5 18.5 6 222 40.7 0.0063
50-59 25 5 20.0 15 60.0 0 0.0 60.0 0.0063
60-69 14 1 7.1 8 57.1 1 7.1 64.3 0.0215
70+ 9 1 11.1 4 44 4 1 11.1 55.6 0.2188
Total 88 9 10.2 34 38.6 13 14.8 534 0.0001

* McNemar'’s test for paired data comparing TA-90-IC elevation with positive mammographic

results (combined suspicious and indeterminate readings)
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l Reduction .
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i " Quality control by
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FIGURE 1: Purification protocol for 90kD tumor-associated antigen (TAA) from positive breast
cancer patients. Details are given on page 12 of the text.
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FIGURE 2: Elution profile of 100-fold concentrated urine from breast cancer patients from a
Sephacryl S-200 column (1.5 x 100 cm). Phosphate buffer (0.025M) supplemented
with 0.15M NaCl and 0.02% sodium azide was used as an eluent at a flow rate of 20
ml per hr. Five ml fractions per tube were collected and elution of protein was
monitored at 280,,. Tubes with ODagonm 0f >0.1 under each peak were pooled,
concentrated to the original volume and assessed for TAA activity against the
murine monoclonal antibody, AD1-40F4, in ELISA.
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FIGURE 3: Elution profile from Sephacryl S-200 column (1.0 x 60 cm) of reduced and alkylated
TAA preparation. 1.0M propionic acid was used as the eluent, and 2 ml fractions
per tube were collected. Protein elution profile was monitored at 280,,. Tubes
under peak with >0.25 OD were pooled, dialyzed against PBS at pH 7.2, and tested
for TAA activity by competitive inhibition in ELISA using AD1-40F4 as the target

antibody.
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FIGURE 4: SDS-PAGE (4-15% gradient) and Western blot analysis under reducing conditions
(2-mercaptoethanol, 5%) using Tris-glycine buffer at ph 8.3.

SDS-PAGE RESULTS:
Lane 1: Molecular weight markers.
Lane 2: 100x concentrated breast urine.
Lane 3: Sephacryl S-200 peak-I (Figure 2).
Lane 4: Sephacryl S-200 peak-II of reduced and alkylated

TAA representing the murine monoclonal antibody
immunoreactive 90kD subunit (Figure 3).

WESTERN BLOT RESULTS:
Lane 5: Molecular weight markers.
Lane 6: 90kD TAA (same material as in lane 4) reacted

with the murine monoclonal antibody, AD1-40F4,
after transfer to nitrocellulose membrane.
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FIGURE 5: Densitometric scan of SDS-PAGE performed under reducing conditions. (A)
Starting material (100x concentrated urine). (B) Purified 90kD TAA (Purity level:
about 90%).

52




P.L, Rishab K. Gupta, Ph.D.

LC A 214,44 450,80 of I4@I13©1A.D
200
180 (A)
.16@
140 .
Retention time
120 36 min
E 100
€
ea
60 l
40
2e
o-; . . — .
e 10 20 . 30 40
Tfme (mfa.) .
LC R 214,4 450,80 of I401304R.D
100 : .
1] .
_ (B) 90kDa subunit
8o of ©+ TAA
70
60 )
o)
T se
€
<0
306
2c Retention time
36 min
ie
e € \] 3 ¥ . s
] 16 20 30 40
Time (mfn.)

FIGURE 6: Reverse phase HPLC profiles of (A) starting material (100x concentrated urine, and
(B) purified 90kD TAA using a Delta-Pack C4 column and 5-95% acetonitrile
gradient in 0.1% trifluoroacetic acid.
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FIGURE 7: Immunoreactivity of 90kD TAA with various murine monoclonal
antibodies in Western blot.

Lane # Immunogen to develop MuMoAb MuMoAb recognizes Reference

1 Low molecular weight markers

2 Glycoprotein TAA 90kD (19)
3 Partially purified spent medium  75/77 & 100kD molecules  (20)
4 Melanoma cell extract 240kD 21)
5 Melanoma cells 95-100kD 22)
6 Breast cancer cells TAG-72 (23)
7 Breast cancer cells 80-85kD 24)
8 Breast cancer cells 43kD 25)
9 Breast cancer cells 90kD (26)
10 High molecular weight markers
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FIGURE 8: Immunoreactivity of representative serum samples from a breast cancer patient and a
self-proclaimed normal individual to ultrasonically disrupted tissue culture breast
cancer cell extracts in a conventional ELISA. Serum samples were diluted in PBST
supplemented with 1% fetal calf serum. Two hundred microgram protein of the cell
extract was used as the target per well of the ELISA plate. Alkaline phosphatase
conjugated goat anti-human IgG was used as the detecting reagent. A highest
dilution of the serum resulting in an optical density of 0.1 at 405, was considered as
the antibody titer.
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FIGURE 9: SDS-PAGE of NP-40 extracts of various cell line. Extracts were loaded onto lanes
of 6 to 20% gradient gel. After electrophoresis, the gels were stained with
Coomassie. Lane 1: molecular weight standards; lane 2: melanoma (M14) cell
extract; lane 3: breast cancer (157) cell line; lane 4: breast cancer (231) cell line; lane
5: breast cancer (734B) cell line; lane 6: sarcoma (LV) cell line; lane 8: colon
(LS174T) cell line; lane 9: breast cancer (Br-2) cell line; and lane 10: normal
fibroblast cell line.

1 2 345 6 78 9 10
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FIGURE 10: Reactivity of purified IgG from serum of a breast cancer patient in Western blot.
The IgG was used at a concentration of 3ug/ml, and the reactivity of the antibody
was realized using alkaline phosphatase conjugated Fab fragment of goat anti-
human IgG. The target in various lanes are as follows: Lane 1: molecular weight
standards; lane 2: melanoma (M14) cell extract; lane 3: breast cancer (157) cell line;
lane 4: breast cancer (231) cell line; lane S: breast cancer (734B) cell line; lane 6:
sarcoma (LV) cell line; lane 8: colon (LS174T) cell line; lane 9: breast cancer (Br-2)
cell line; and lane 10: normal fibroblast cell line.
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FIGURE 11: Reactivity of normal serum with targets in Flgure 4 using Western blot. Similar
results were observed when IgG fraction of the normal serum was used as the source
of antibody at 200 ug/ml concentration. (Lane numbers are defined in Figure 9).
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FIGURE 12: Reactivity of LCL-4 culture supernate (antibody source) in Western blot. Lane 1:
Molecular weight standards; lane 2: LCL-4 reacted with Br-2 (breast carcinoma cell
line) spent medium; lane 3: LCL-4 reacted with normal fibroblast spent medium,;
lane 4: RPMI instead of LCL-4 culture medium as no antibody control reacted with
Br-2 spent medium; lane 5: RPMI instead of LCL-4 culture medium reacted with
fibroblast spent medium; lane 6: alkaline phosphatase conjugated goat anti-human
IgM control (conjugate control) with spent medium of Br-2; and lane 7: same as lane
6 but against spent medium of normal fibroblasts.
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FIGURE 13: Incidence and distribution of 90kD glycoprotein TAA specific IC (TA-90-IC) in sera
of normal controls and randomly selected breast cancer patients. Horizontal solid
line denotes the positive cut off level.
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g - — § -

FIGURE 14: Age related incidence of the 90kD glycoprotein TAA specific IC (TA-90-IC) in
breast cancer patients and normal controls. The samples were segregated on the
~ basis of age, <60 years and equal to or >60 years. An ELISA value of greater than

0.410 ODyosnm Was considered positive.
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FIGURE 15:

FIGURE 16:
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90kD glycoprotein TAA-specific-IC during the clinical follow-up of a breast cancer
patient who developed recurrent disease within 26 months of surgery. The TAA-
specific-IC values of sequential serum samples of this patient were positive several
months before clinically detectable disease.
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FIGURE 19: Percent of patients with elevated TA-90-IC levels based on pathologic analysis.
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FIGURE 20: Overlap between results of mammography and TA-90-IC ELISA in 40 patients with
invasive breast carcinoma. Two additional patients with invasive carcinoma had
negative mammographic findings and a negative TA-90-I1C ELISA.
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Detection and comparison of a 90 kD glycoprotein tumor-
associated antigen specific immune complexes with CEA
and CA15-3 in breast cancer

RISHAB K. GUPTA and DONALD L. MORTON

John Wayne Cancer Institute at Saint John's Hospital and Health Center, 2200 Santa Monica Blvd., Santa Monica, CA 90404, USA

Communicated by B. Bonavida, July 10, 1995

Abstract. Serum samples selected randomly from 106 patients
that had histopathologically proven breast cancer, and from
107 self-proclaimed and apparently healthy females were
analyzed for the presence of a 90 kD subunit containing
glycoprotein TAA-specific immune complexes (IC) by a
murine monoclonal antibody based ELISA. The incidence of
the glycoprotein antigen specific IC in breast cancer patients
was 63% (67/106), as indicated by the normalized ELISA
value above 0.410 OD,s,,,. On the contrary, only 3 (2.8%) of
107 apparently healthy controls had positive ELISA value
(p<0.05). Comparison of the glycoprotein TAA-specific IC
results in breast cancer patients with evidence of disease with
the results of CEA and CA15-3 revealed that the incidence of
abnormal values was increased to 91%. Thus, use of the
glycoprotein TAA specific-IC marker in conjunction with
CEA and/or CA15-3 may prove to be more sensitive than when
used alone for immunodiagnosis and immunoprognosis.

Introduction

Breast cancer is the second leading cause of death among
females with cancer (1,2). The overall survival for breast cancer
patients is considerably low, which is in part due to the fact
that by the time the disease is diagnosed, it may have already
metastasized (3). A number of tumor markers have been
developed for diagnosis, prognosis, and early detection of
recurrence in breast cancer patients (4-6). Most of the markers
described thus far are not immunogenic in breast cancer
patients.

The presence of tumor-associated antigens that are
immunogenic in breast cancer patients has now been
confirmed by various investigators (7-9). Therefore, it is
logical to assume that circulating immune complexes (IC)
should form in vivo each time a humoral immune response is

Correspondence to: Dr Rishab K. Gupta, John Wayne Cancer
Institute, 2200 Santa Monica Blvd., Santa Monica, CA 90404, USA

Key words: glycoprotein tumor-associated antigen, breast cancer,
immune complexes, CEA, CA15-3, ELISA, murine monoclonal
antibody

made to the antigens, and the source of the antigen is present
in breast cancer patients.

Salinas et al (10) reported that immune complexes (IC)
could be demonstrated in 50% sera of breast cancer patients
at the time of diagnosis. Patients with metastatic disease had
more IC than patients with limited disease. The IC values were
correlated with other markers, e.g., carcinoembryonic antigen
(CEA), and it was suggested that IC measurements might
provide additional prognostic information, particularly in
patients who do not have elevation of other markers (10,11).
Subsequent reports from various investigators revealed that
results of IC detection and correlation with malignant disease
varied from investigator to investigator due to the antigen
non-specific nature of the IC detection assays (12). This is
because the cancer patients might have had apparent and not
apparent infection or autoimmune disease at the time of
serum collection. These situations most likely caused some
false positive IC values, and thus lowering of prognostic
significance of the assay. Therefore to ascertain whether the
presence of IC detected in the circulation of a cancer patient
at a given point in time was due to the presence of tumor, it was
necessary to use cumbersome procedures to confirm that the
antigen portion of the IC was indeed the defined TAA (13).
To overcome this problem, we have isolated immune complexes
from IC positive sera and after dissociation, characterized
antibody and antigen components (14). One of the antigen
identified in the antigenic fraction of cancer patient's IC was
similar to a heat stable glycoprotein expressed by cancer cells
of various histologic types (15). The antigen was purified from
urine of a melanoma patient, because its presence was in a
relatively high concentration, and was used as immunogen to
develop a murine monoclonal antibody (MuMoAb), AD1-
40F4, of IgM isotype (16). Analysis by Western blot revealed
that AD1-40F4 monoclonal antibody recognized a 90 kD
subunit of the antigen (17). The MuMoAb showed no
immunologic reactivity with human serum proteins and the
epitope recognized by the monoclonal antibody resided in the
protein part of the glycoprotein TAA (16). Blocking studies
revealed that the epitope on the 90 kD subunit recognized by
the MuMoAb was different from those recognized by the
allogeneic anti-glycoprotein-TAA antibodies (18).

The present study investigates the presence of a 90 kD
subunit containing glycoprotein tumor-associated antigen
(TAA) specific IC in the sera of breast cancer patients, and its
correlation with other tumor markers, such as CEA and CA15-3.
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Materials and methods

Patient population and follow-up. In this investigation serum
samples were procured from 106 women who were diagnosed
to have breast cancer. The mean age of the patients was 51 years
with a range of 25 to 82 years. Histopathologically, 90 patients
had invasive ductal carcinoma (IDC) and 16 patients had ductal
carcinoma in situ (DCIS). In addition, serum samples were
procured from 107 self-proclaimed apparently healthy normal
females. The age of normal controls ranged from 28 to 74 years
with a mean of 45. All serum samples were stored frozen
without any preservative at -35°C until used.

90 kD TAA-specific IC detection assay. We developed a tumor
antigen specific IC detection assay which utilizes an
immobilized murine monoclonal antibody, AD1-40F4, directed
to the 90 kD subunit of a glycoprotein TAA. The murine
monoclonal antibody, AD1-40F4, and the glycoprotein antigen
were prepared as described below. Details of the assay have
been described elsewhere (8). In brief, one hundred microliters
of the AD1-40F4 ascites diluted to a protein concentration of
100 pg/ml were dispensed into each of the appropriate wells
of glutaraldehyde activated microtiter plates (Dynatech
Laboratories, Chantilly, VA). The plates were incubated at
4°C for 16 h and then washed with PBS supplemented with
0.5% Triton X-100 (PBS-TX). The washed plates were blocked
with 100 pl per well of 1% bovine serum albumin (BSA) in
PBS-TX at 23°C for 1.0 h. Test serum samples were diluted
1:60 with PBS-TX supplemented with 1% BSA, 0.5% normal
mouse serum and 0.01 M ethylene diamine tetraacetic acid
(EDTA). One hundred microliters of the diluted sample were
dispensed into duplicate wells of the activated plates and
incubated at 37°C for 45 min. At the end of incubation the wells
were washed with PBS-TX. One hundred microliters of
alkaline phosphatase conjugated to Fab fragment of goat anti-
human IgG (Sigma Chemical Company, Saint Louis, MO) at
1:500 dilution were added to each test and control wells of
the plate. The plates were incubated at 37°C for 45 min and
washed with PBS-TX. Each well of the plate then received
200 ul of p-nitrophenyl phosphate (1.0 mg/ml) in 10%
diethanolamine buffer as the substrate and the plates were
incubated in the dark for 1.0 h at 23°C. The absorbance was
read at 405,,.. Each sample was tested in duplicate with
positive and negative controls and blanked individually in the
same microtiter plate. Each test plate also included controls
for non-specific protein binding and binding of conjugate to
the immobilized murine monoclonal (capturing) antibody.
The net optical densities of the control samples were used to
generate a correction factor to normalize the net optical density
of the test samples analyzed on that particular test plate. If the
correction factor for a test plate fell outside the range from 0.8
to 1.2, the assay was considered invalid. The upper limit of
normal for the glycoprotein TAA marker was set at 0.410
(mean+3 SD ELISA values of 59 normal sera determined from
previous studies).

Preparation of glycoprotein TAA. The glycoprotein TAA
which is expressed by 82% (18/22) of carcinomas, was
purified as described elsewhere (18) from a 24 h urine
sample of a melanoma patient. Urine from melanoma patient

.
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(Je 8504) was used because the glycoprotein TAA is
expressed by solid tumors of various histologic types and this
patient's urine had relatively high antigenic activity (18).
Briefly, the 24 h urine samples were collected and filtered
through a Whatman no. 1 filter-paper (Whatman International,
Maidstone, England) to remove all sediments. The clarified
urine was concentrated 100-fold using an Amicon hollow-fiber
concentrator equipped with an H1P10-8 cartridge (Amicon
Corp., Beverly, MA). Concentrated material was passed
through a Sephacryl S-200 column (Pharmacia LKB,
Piscataway, NJ) using 0.025 M phosphate buffered saline
supplemented with 0.02% sodium azide as eluent at a flow
rate of 25 ml/h. Fractions under each peak observed at 280,
were pooled separately, concentrated and tested for antigenic
activity using an allogeneic double-determinant enzyme-
linked immunosorbent assay as described previously (16). The
antigenic pool was quantitatively absorbed with immobilized
rabbit anti-human Ig antibodies until free of detectable human
IgG in an enzyme immunoassay (17). The purified antigenic
pool was used to develop murine monoclonal antibodies.

Preparation of murine monoclonal antibody to glycoprotein
TAA. The glycoprotein TAA prepared as described above was
used as an immunogen to develop a murine IgM monoclonal
antibody, AD1-40F4, with specificity to the antigen according
to the procedures described by Kohler and Millstein (19).
The monoclonal antibody did not exhibit any reactivity with
pooled human IgM, pooled human IgG, ferritin, B2-micro-
globulin, B2-glycoprotein, apolipoprotein B, apolipoprotein CII,
apolipoprotein CIII, or human serum albumin. Western blot
analysis revealed that the AD1-40F4 antibody recognized the
90 kD subunit of the glycoprotein antigen (16). After specificity
analysis, the murine monoclonal antibody was mass produced
as ascites in BALB/c mice, and used as the source of antibody
to develop the 90 kD-TAA-specific IC detection assay as
described above.

Carcinoembryonic antigen (CEA) assay. CEA measurements
on 68 of the 106 serum samples were performed by Dianon
Systems, Inc., Stratford, CT, using Abbott CEA-EIA
procedures that followed manufacturer's instructions. Results
were expressed as ng CEA/ml. A value of greater than 2.5 ng
CEA/ml was considered positive.

CAI5-3 assay. CA15-3 was measured by the radioimmunoassay
kit (CA15-3 RIA) commercially available from Centocor,
Malvern, PA. The RIA was performed according to the
manufacturer's instructions by the Dianon Systems, Inc.
Results were expressed as CA15-3 units/ml (U/ml). A value
of greater than 30 U of CA15-3/ml was considered positive.

Statistical analysis. Fisher's exact test as implemented by the
Instat Biostatistics program from the GraphPad Software, Inc.,
San Diego, CA, was used to determine statistically significant
differences among the 90 kD glycoprotein TAA-specific IC
assay values of normal and breast cancer patients, and for
comparison between 90 kD TAA-specific results and other
tumor marker results. All comparisons were two-tailed and a
p-value of less than 0.05 was considered statistically
significant.
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Table 1. Detection of purified glycoprotein TAA after mixing with purified baboon polyclonal IgG antibody by the murine

monoclonal antibody, AD1-40F4, capture assay.

Test material Absorbance at 405,
Immobilized murine monoclonal antibody (control)® 0.042
+ baboon anti-glycoprotein TAA (44 pg purified IgG/ml) 0.138
+ glycoprotein TAA (15 pg protein/ml) 0.068
+ human serum albumin (20 pg/ml) 0.162
+ pre-immune baboon IgG (50 pg/ml) 0.129
+ mixture of baboon anti-TAA IgG (44 pg/ml) and:
glycoprotein TAA (15 pg/ml) 0.686
glycoprotein TAA (5 pg/ml) 0.869
glycoprotein TAA (1.6 pg/ml) 0.714
glycoprotein TAA (0.53 pug/ml) 0.753
human serum albumin (20 pg/ml)® 0.153
human serum albumin (10 pg/ml)® 0.218
human serum albumin (5 pg/ml)® 0.176
+ mixture of pre-immune baboon IgG (50 pg/ml) and:
glycoprotein TAA (15 pg/ml) 0.188

aAnti-90 kD glycoprotein TAA murine monoclonal antibody in the form of ascites (100 pg protein per ml) was immobilized to the wells of
glutaraldehyde-activated microtiter plates. "Human serum albumin was used as control to determine the effect of nonspecific protein

control.

Results

Detection of in vitro formed 90 kD glycoprotein TAA-specific
IC. A polyclonal anti-glycoprotein TAA antibody purified
from a baboon antiserum that was raised against the
glycoprotein-TAA (20), was used to generate IC in vitro. For
this purpose the baboon polyclonal antibodies were mixed
with the purified glycoprotein TAA in different protein
proportions. After incubation at 37°C for 30 min, the mixtures
were tested to determine if a positive signal was generated in
the AD1-40F4 murine monoclonal antibody capture assay.
Goat anti-human IgG conjugated to alkaline phosphatase was
used as the signal developer. We have previously documented
that the goat anti-human IgG enzyme conjugate reacts equally
well with the baboon IgG. Table I denotes that binding of the
enzyme conjugate was the highest when the immobilized
AD1-40F4 murine monoclonal antibody was incubated and
reacted with the mixture of purified glycoprotein TAA and
purified polyclonal baboon anti-TAA IgG. Furthermore, this
signal was consistently high over a wide range of antibody
(baboon anti-TAA) to antigen (glycoprotein TAA) at protein
concentration ratios (3:1 to 90:1). Neither of the two immune
reactants (antigen or antibody) alone or pre-immune baboon
IgG or human serum albumin exhibited a signal greater than
0.200 O .D. at 405,,,. These data confirmed our previous (16)

observations that the AD1-40F4 murine monoclonal antibody
had no significant reactivity with baboon IgG and human
serum albumin, and that the enzyme conjugate had no affinity
(specific or non-specific) with either the murine monoclonal
antibody or with the glycoprotein TAA. These results clearly
denote that the AD1-40F4 murine monoclonal antibody
captured baboon anti-glycoprotein TAA IgG via the glyco-
protein TAA only, i.e., when the IgG antibody was in the form
of glycoprotein TAA-specifc immune complexes.

Reproducibility studies to assess the assay variability using
a serum from breast cancer patients in ten replicates revealed
that inter-assay variations ranged from 0.806 to 1.311 ELISA
value with a mean of 1.010, standard deviation of 0.139 and
coefficient of variation of 13.7%. These values for intra-assay
variations ranged from 0.849 to 1.214 with a mean of 1.007,
standard deviation of 0.105 and coefficient of variation of
104%.

Incidence of 90 kD TAA-specific IC in normal control vs breast
cancer patients. Initially we analyzed serum samples from self-
proclaimed healthy normals and breast cancer patients. Fig. 1
illustrates the distribution of 90 kD TAA-specific IC ELISA
values of sera from 107 healthy normal females and from 106
breast cancer patients. In this experiment, the procurement of
the sera from breast cancer patients was random, i.e., no
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Figure 2. Age related incidence of the 90 kD glycoprotein TAA-specific IC
in breast cancer patients and normal controls. The samples were segregated
on the basis of age, <60 years and equal to or >60 years. An ELISA value of
greater than 0.410 ODys,,, Was considered positive.

Figure 1. Incidence and distribution of 90 kD glycoprotein-TAA-specific IC
in sera of normal controls and randomly selected breast cancer patients.
Horizontal solid line denotes the positive cut-off level.

Table II. Incidence and level of 90 kD glycoprotein TAA-specifc IC in two different histologic types of breast carcinoma.

ELISA values
Histologic Total Number Percent Range mean SD
type number positive positive
Invasive ductal carcinoma 90 58 64 0.000-2.038 0.453 0.365
Ductal carcinoma in situ 16 9 56 0.046-1.357 0412 0314

criterion with respect to pre- or post-surgery, evidence or no
evidence of disease, etc., was used in selecting the serum
samples. Comparative analysis of the data in normal and
breast cancer group revealed that the normalized ELISA
value (meantSD) of the normal control sera (0.21240.088)
was significantly (p<0.05) lower than that of breast cancer
patients (0.57010.438). Furthermore, when an ELISA value of
0.41 or greater was considered positive for the presence of the
TAA-specific IC, the incidence of the glycoprotein TAA-
specific IC was significantly (p<0.05) greater in the breast
cancer group (67/106, 63%) than the normal group (3/107,
2.8%).

While the incidence of 90 kD TAA-specific IC in the
normal group was not affected by age, it was significantly
higher (p<0.05) in breast cancer patients that were over 60 years
old (88%, 23/26) compared to those that were under 60 years
old (55%, 44/80) (Fig. 2).

Of the 90 IDC breast cancer patients, 58 (64%) were
positive for the glycoprotein TAA-IC; whereas, this
incidence was lower 56% (9/16) in DCIS breast cancer
patients (Table II). The lower incidence in DCIS patients
may be due to the non-aggressive nature of the ductal
carcinoma in situ.

Association among glycoprotein TAA-IC, CEA and CAI5-3.
CEA and CA15-3 have been considered useful tumor markers
in the prognosis and monitoring of breast cancer patients. We

compared the glycoprotein TAA-specific IC results using 68
serum samples of breast cancer patients selected on the basis
of the presence of the disease. The two tumor markers, CEA
and CA15-3, are not known to be immunogenic in cancer
patients. Of the 68 serum samples 55 (80.9%) were positive for
the glycoprotein TAA-specific IC, 16 (23.5%) were positive
for CEA, and 23 (33.8%) were positive for CA15-3. Despite
higher incidence of glycoprotein TAA-specific IC than CEA
or CA15-3, it was observed that some serum samples that
were positive for CEA or CA15-3 were not necessarily
positive for the glycoprotein TAA-IC.

As shown in Table III, statistical evaluation of the data by
Fisher's exact test revealed that there was no significant
associations between the glycoprotein TAA and CEA or
CA15-3 (p>0.05). However, when either of the three or all of
the three positive markers were taken into consideration, the
incidence of positivity increased from 80.9% to 91% (Table IV).

Discussion

Serological tumor markers are considered to be useful in the
early detection and monitoring of metastases for early and
effective treatment to increase the duration of disease-free
and/or overall survival (21,22). However, with the exception
of CA15-3, recent reports have questioned the value of many
of these sensitive markers both in diagnosis of systemic
disease and in assessing response to therapy (23,24). In this
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Table III. Association between serum glycoprotein TAA-IC
and CEA or CA15-3.

Glycoprotein TAA-IC

Positive? Negative  Total
CEA Positive® 13 3 16
Negative 42 10 52
Total 55 13 68
p>0.05
CA15-3 Positive® 18 5 23
Negative 37 8 45
Total 55 13 68
p>0.05

aAn ELISA value of greater than 0.41 OD at 405, was considered
positive. A value of greater than 2.5 ng CEA/ml was considered
positive. A value greater than 30 U of CA15-3/ml was considered
positive.

Table IV. Incidence of positivity for glycoprotein TAA-IC,
CEA and CA15-3 or their combination in sera from breast
cancer patients.

Marker
(Alone or in combination)

(n=68)

Number positive Percent positive

Glycoprotein TAA-IC only 55 81
CEA only 16 24
CA15-3 only 23 34
CEA or CA15-3 30 44
TAA-IC or CEA 4858 F 54
TAA-IC or CA15-3 60 88
TAA-IC or CEA or CA15-3 62 91

investigation, we have analyzed serum samples from breast

- cancer patients to determine the usefulness of an antigen

specific immune complex detection assay. This marker differs
from the existing tumor markers in that it determines the
presence of a glycoprotein TAA which is immunogenic in
patients and circulates in the form of immune complexes in the
blood. The detection assay can be considered as a form of
double-antibody sandwich ELISA in which the immune
complexes present in the test sample are captured by an
immobilized murine monoclonal antibody, AD1-40F4. This
monoclonal antibody was specifically developed using the
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purified glycoprotein TAA defined by autologous and
allogeneic antibodies, and recognizes an epitope different from
those recognized by the autologous antibodies.

There is sufficient evidence in literature to suggest that
estimation of immune complex levels or their fluctuations
during the course of malignant disease might predict the
outcome of the disease (10). However, unlike other tumor
markers, one of the drawbacks which inhibited the application
of this technology in a clinical setting has been the use of
antigen non-specific assays for the detection of immune
complexes. The use of antigen-nonspecific assays resulted in
inconsistent results, because some of the material detected by
these assays were characterized to be aggregated IgG, reaction
products of denatured self-proteins, polyamines, or bacterial
lipopolysaccharides (25). In general, immune complexes
detected in sera of cancer patients have been characterized with
respect to their size and the presence of anti-Ig and anti-tumor
antibodies, and tumor or other antigens. A number of methods
have been used to isolate and characterize the antibody and
antigen components of the immune complexes (26). However,
manipulations of the in vivo formed immune complexes are
prone to introduce artifacts for characterization in subsequent
studies; thus, providing inaccurate results. Therefore,
development of an assay such as the one used in this
investigation which detects antigen-specific immune
complexes without any pre-treatment or manipulation of the
test sample represents a significant and major advancement in
the area of immuno-diagnosis of human cancer.

It can be argued that immune complexes present in
circulation may be composed of either IgG or IgM antibodies
or both; however, anti-tumor antibodies of IgG type to
macromolecular antigens are more prevalent (27), and the
90 kD glycoprotein TAA-specific IC assay can be modified to
detect immune complexes containing IgM antibody by using
anti-human IgM conjugate. We feel that the success of the
90 kD glycoprotein TAA-IC assay for the detection of cancer is
for the following reasons. The immunogenic tumor antigens
shed into circulation by growing tumor cells are in small
quantities and are neutralized by the humoral antibodies (28).
Therefore, the results of any sensitive methods applied to detect
free antigens in serum or plasma are generally negative;
however, detection of human antibody (immunoglobulin)
molecules via the antigen captured by the immobilized
MuMoAb gives an amplification effect. This is because the
unreduced antigen is a complex of at least four different
subunits (18), each of which is immunogenic in the cancer
host and thus can bear multiple in vivo reacted immuno-
globulin molecules. Furthermore, glycoprotein TAA being
immunogenic in cancer patients should circulate in the
bloodstream in the form of immune complexes, particularly
at the time when the source of the antigen (tumor) is present
only in small amounts.

The serum level of 90 kD glycoprotein TAA, as assessed
in the form of immune complexes, was uniformly low in the
control group of 107 apparently healthy females. The values
(0.212+0.088 OD,s,.) Observed in this investigation were
comparable to those reported earlier (0.2491+0.080 OD s,,,)
from our laboratory where the control group was comprised
of 250 normal males and females (8). Furthermore, the
incidence of positive values were comparable (2.8% vs 3.2%).
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In the investigations where serum samples were obtained
from patients with a history of breast cancer, elevated serum
* levels of 90 kD glycoprotein TAA were observed at a frequency
of about 63%. These results confirm and significantly expand
the initial observation that the 90 kD glycoprotein TAA marker
could be detected in greater proportion of breast cancer patients
as well (29). It is of particular interest to note that the incidence
of 90 kD glycoprotein TAA in breast cancer patients was
affected by age. It has been reported that the mortality rate in
younger breast cancer patients is significantly lower in contrast
to older breast cancer patients (30,31). Patients with an age of
more than 60 years showed significantly greater incidence
than those patients who were younger than 60 years. It would
appear as if the tumors of younger women do not express this
antigen or the tumor cells do not release it into circulation. Is it
due to dormancy or different metabolic turnover rates of surface
molecules? We are currently in the process of correlating the
expression of the glycoprotein TAA with the level of expression
of estrogen/progesterone receptors by the breast cancer cells.
These hormones have been reported to modulate the expression
of surface macromolecules, e.g. cerebellar responses to amino
acid neurotransmitters (32).

It is obvious that the 90 kD glycoprotein TAA-IC detection
assay described herein is not 100% accurate in identifying
breast cancer sera. Furthermore, as low it may be, certain
proportion of sera from normal controls was positive for the
marker. The presence of 90 kD glycoprotein TAA in normal
population is unexplainable at this time; however, it may be
possible that these apparently healthy individuals had occult
neoplasm at the time of serum sampling. This possibility of
existence of occult disease is difficult to prove or disprove.

Despite the fact that we have not reached 90% or greater
accuracy in predicting the outcome of breast cancer patients
using the 90 kD glycoprotein TAA assay, the results presented
are highly encouraging. This study describes one of the
unique approaches to immunodiagnosis of human cancer via
detecting an immunogenic tumor antigen in circulation, its
specificity can be significantly enhanced by incorporating other
existing tumor markers, such as CEA (33) and CA15-3 (34-36).
Extensive evaluation of CEA in combination with other tumor
markers or alone for clinical correlations with the clinical
course of breast cancer patients has resulted in conflicting
reports (37-40). In fact, it has been suggested that CA15-3
correlated with the stage of disease and in metastatic patients
with the response to treatment (41-46). Use of this novel
marker (tumor antigen-specific immune complexes) in
conjunction with CEA and/or CA15-3 may prove to be more
sensitive than when used alone for immunodiagnosis and
immunoprognosis of breast cancer.
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|breast cancer patients
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SUMMARY

A murine monoclonal antibody, AD1-40F4, based ELISA that detected a 90kD
subunit containing glycoprotein tumor-associated antigen (TAA) specific
immune complexes (IC) was developed and applied to screen sera from normal
individuals and breast cancer patients to determine its clinical usefulness. Sera
from randomly selected breast cancer patients had a significantly higher (p <
0.05) incidence for positive TAA-specific IC (50.9% (58/114)) than the control
(normal) group (3.2% (8/250)). This incidence in breast cancer patients that
were selected on the basis of the presence of primary disease was 71.4%
(25/35) and decreased significantly to 18.2% (6/33) after surgical resection of
the disease (p < 0.05). These results suggest that the 90kD subunit containing
glycoprotein TAA-specific IC is a useful marker for immunodiagnosis and
immunoprognosis of breast cancer prior to conventional treatment procedures.

INTRODUCTION

The presence of tumor-associated antigens that are immunogenic in breast .

cancer patients has been documented by various investigators [1-3].
Therefore, it is logical to assume that circulating immune complexes (IC)
should form in vivo each time a humoral immune response is made to the
antigens and the source of the antigen is present in breast cancer patients.
Immune complexes have been observed in the circulation of humans with
various malignancies, including breast carcinoma [1, 4, 5]. Subsequent
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developments suggest that an assessment of IC levels may be usefy] for
monitoring the clinical course in patients with malignancy [6-8).

Salinas et al [1] determined the levels and composition of IC in patients with
breast carcinoma by fetal cell inhibition assay and ultracentrifugation. 1C were
demonstrated in 50% of the sera at the time of diagnosis. Patients with
metastatic disease had more IC than patients with limited disease, and a good
correlation between IC levels and the clinical course of the disease. - In another
report [9], elevation of IC and CEA in cancer patients beyond the immediate
post-operative period were predictive of a'significantly shorter median Surviva]
time than normal levels. Despite certain false positive IC results, it wag
suggested that IC measurements might provide additional Prognostic
information, particularly in patients who do not have elevation of other
markers [1, 9]. Subsequent reports from various investigators revealed that
results of IC detection and correlation with malignant disease varied from
investigator to investigator due to the antigen non-specific nature of the IC
detection assays [10]. Therefore to ascertain if the presence of IC detected in
circulation of a cancer patient at a given point in time was due to the presence
of tumor, it was necessary to use cumbersome procedures to confirm that the
antigen portion of the IC was indeed the defined TAA [11]. Investigations
described here circumvent this problem.

MATERIALS AND METHODS

Patient_population. This study included a total of 114 women who had
pathologically proven breast carcinoma. The age of the patients ranged from
25 to 84 years with a mean of 52 years. Per review of medical charts 35
patients had primary resectable disease. Where possible, serum samples were
procured from these patients pre-operatively and post-operatively. In addition,
serum samples were procured from 250 self-proclaimed apparently healthy
normal individuals. The age of normal controls ranged from 19 to 74 years
with a mean of 40.

90kD _TAA-specific IC ELISA. We developed a tumor antigen specific IC
detection assay that utilizes immobilized murine monoclonal antibody (MAD)
directed to the 90kD subunit of a glycoprotein TAA. This antigen is expressed
by 82% (18/22) carcinomas. Details of the assay and normalization of ELISA
values have been described elsewhere [4].

Statistical Procedures. Mann-Whitney test as implemented by the Instat
Biostatistics program from the GraphPad Software, Inc., San Diego, CA, was
used to determine the statistically significant differences among the
glycoprotein TAA ELISA values of normal and breast cancer groups. All tests
were two-tailed and a p value of less than 0.05 was considered statistically
significant.

RESULTS AND DISCUSSION
Incidence of 90kD glycoprotein TAA-specific IC. As illustrated in figure 1,

the incidence of the glycoprotein TAA-specific-IC in sera from breast cancer
patients (50.9% (58/114)) was significantly (p <0.05) higher than the normal
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Figure 1. Incidence and distribution of 90kD glycoprotein-TAA-specific IC
levels (ELISA values) in sera of 250 normal controls and 114 randomly
selected breast cancer patients. Horizontal solid line denoted the positive cut-
off level.

control group (3.2% (8/250)). Furthermore, the mean + standard deviation
(SD) ELISA values of control sera (0.169 -+ 0.080) were significantly lower
(p <0.05) lower than those of sera from breast cancer patients (0.525 +
0.449). A serum was considered positive when the TAA-specific-IC ELISA
value was greater than 0.410 OD,q,,.. The incidence of the TAA-specific-IC
was not affected by age in the normal group; however, this incidence was
significantly higher in breast cancer patients who were 60 years or older.

Incidence of 90kD glycoprotein TAA-specific IC in pre- and post-operative
breast cancer patients. Analysis of serum samples obtained from breast cancer
patients that were selected on the basis of the presence of primary disease,
i.e., before removal of the primary tumor, revealed that 71.4% (25/35) were
positive for the TAA-specific IC. Nineteen of the 25 breast cancer patients
that were positive for the glycoprotein-TAA became negative post-operatively;
however, 6 patients were positive for the glycoprotein-TAA both before and
after surgical resection of the primary disease. Positivity of post-operative
samples (after removal of all accessible disease) was perhaps due to the

| Presence of micrometastases to the lymph nodes or elsewhere. These results

clearly denote that TAA-specific-IC may be useful as a tumor marker for the
detection of primary and/or metastatic disease in breast cancer patients.

| Although this study describes a unique approach to immunodiagnosis of human

Qncer via detecting an immunogenic tumor antigen in circulation, its
Specificity can be significantly enhanced by incorporating other existing tumor
Markers, such as CEA [12], CA15-3, CA-549 [13], CA19-9 [14], TAG-72,
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MCA [15], etc. Extensive evaluation of CEA in combination with CA15-3 o
alone for clinical correlations with the clinical course of breast cancer patients
has resulted in conflicting reports [16-18]. Use of the novel marker describeq
here (tumor antigen-specific immune complexes) in conjunction with one or
more of the tumor markers currently available may prove to be more sensitive
than used thus far in immunodiagnosis, immunoprognosis, and improving the
control of advanced breast cancer through appropriate treatment modality.
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Summary

Background To evaluate the utility of TA90-IC, an immune complex of 90-kD tumor-
associated glycoprotein antigen and IgG antibody, compared with mammography as a
screening tool for early breast cancer.

Patients and Methods Serum was drawn preoperatively from patients requiring open
biopsy for mammographic abnormalities, palpable breast masses, or bloody nipple
discharge. The serum was coded and tested blindly for TA90-IC by an enzyme-linked
immunosorbent assay (ELISA). An optical density (OD) > 0.41 at 405 nm was
considered positive based on three standard deviations above the mean of 250 normal
controls.

Results Of the 138 patients studied, 111 had an abnormal mammogram (23 with a
palpable mass), and 27 had a normal mammogram (26 with a palpable mass, one with
bloody nipple discharge). There was a significant difference in TA90-IC values between
the 82 patients with benign lesions and the 42 patients with invasive carcinoma
(0.253+0.236 and 0.436+0.209 OD, respectively, p=0.0001). Of 111 patients with an
abnormal mammogram, 14 had ductal carcinoma in situ (DCIS) and 36 had an invasive
carcinoma; among the subgroup of 41 patients with a positive TA90-IC, 31 had invasive
carcinoma and 4 had DCIS. Of the 27 patients with a normal mammogram, 6 had
invasive carcinoma that in 4 cases was accompanied by a positive TA90-IC. Of the 97
patients with a negative TA90-IC, 21 (22%) had a malignancy: 10 had DCIS and 11 had
an invasive carcinoma. Fifty-two carcinomas were evaluable by size; TA90-IC was

positive in 6 of 15 (40%) lesions <1 ¢cm and in 28 of 37 (82%) lesions >1 cm (p=0.014).
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Interpretation Serum TA90-IC assay appears to be a useful adjunct to mammography.
It may identify patients with neoplasms missed by mammography or patients who require

more frequent surveillance.

Key Words: breast neoplasm, immune assay, mammography, glycoprotein tumor-

associated antigen, TA90 immune complex
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Introduction

Presently, screening for breast cancer relies on physical examination and
mammography. Mammography has been shown to benefit women over the age of 49. It
can detect cancers at an earlier stage, resulting in an increased survival for women in this
age group."”” However, not all breast cancers are de.tected by mammography, and a false-
negative rate of 16.5% has been reported.3 Also, mammography cannot distinguish
benign disease from invasive disease. Therefore, many women undergo unnecessary
biopsies. CA15-3, carcinoembryonic antigen (CEA), and numerous other tumor markers
have been developed to aid in the diagnosis, prognosis, and early detection of breast
cancer recurrence,’'? but none has yet proved effective as an adjuvant to mammography
in breast cancer screening.

We previously described a 90-kD glycoprotein tumor-associated antigen (TA90)
associated with breast cancer, melanoma, and other solid tumors.*2 TA90 is present in
the serum as an immune complex (IC) with anti-TA90 IgG antibody, and we developed
an enzyme-linked immunosorbent assay (ELISA) to measure TA90-IC in cancer
patients.'*** TA90-IC ELISA has a sensitivity of 77% in predicti.ng the recurrence of
melanoma.?’ This assay also shows significantly higher serum levels of TA90-IC in lung
cancer patients than in normal controls (63% vs. 3.2%; p<0.05).21

In an earlier study, we retrospectively examined the incidence of TA90-IC in the
serum of 106 patients with known breast cancer.”> TA90-IC was identified in 63% of
serum samples, compared with only 3% of healthy controls. CEA and CA15-3 were also

analyzed in a subgroup of 68 serum samples: TA90-IC was identified in 55 (81%), CEA
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in 16 (24%), and CA15-3 in 23 (34%). Thus TA90-IC was significantly more sensitive
than standard tumor markers in patients with known breast cancer.

In the present study, we prospectively investigated the incidence of TA90-IC in
the preoperative sera of patients with a palpable brqast mass, mammographic
abnormality, or bloody nipple discharge that warranted an open biopsy. TA90-IC values
were then correlated with mammographic findings, standard tumor markers, and the

pathology found on breast biopsy.

Patients and Methods

Patient population

After obtaining informed consent, serum samples for TA90-IC ELISA were
procured preoperatively in a blinded fashion from 138 women scheduled to undergo open
biopsy for an abnormal mammogram, breast mass, or bloody nipple discharge. All
biopsy procedures were performed by surgical staff of the John Wayne Cancer Institute.
Biopsy specimens were examined for tumor size, tumor grade, DNA ploidy, S-phase,
estrogen and progesterone receptors, and HER2neu expression. éerum samples were
tested for TA90-IC in a blinded fashion (without knowledge of pathology findings).

Pathology findings were then correlated with TA90-IC values.

TA90-IC detection assay

Serum levels of TA90-IC were determined with TA90-IC ELISA, an antigen-
specific assay that utilizes murine monoclonal antibody AD1-40F4 against TA90. The

monoclonal antibody and the glycoprotein antigen were prepared as previously
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described.lg. Briefly, 100 pl of the AD1-40F4 ascites was diluted to a protein
concentration of 100 pg/ml and then dispensed in wells of gluteraldehyde-activated
microtiter plates (Dynex Technologies, Inc., Chantilly, VA). The plates were incubated
at 4°C for 16 h and then washed with phosphate-buffered saline (PBS) supplemented
with 0.5% Triton X-100 (PBS-TX). The plates were then blocked with 100 pl of 1%

bovine serum albumin (BSA), using 100 pl per well, in PBS-TX at 23°C for 1.0 h.
Serum samples were diluted 1:60 with PBS-TX supplemented with 1% BSA, 0.5%
normal mouse serum and 0.01 M ethylene diamine tetraacetic acid (EDTA). One
hundred microliters of the diluted sample was placed in duplicate wells of the activated
plates; plates were incubated at 37°C for 45 min and then washed with PBS-TX. One
hundred microliters of alkaline phosphatase conjugated to Fab fragment of goat anti-
human IgG (Sigma Chemical Company, Saint Louis, MO) at 1:500 dilution per well was
added to each test well and control well of the plates; plates were then incubated at 37°C
for 45 min and washed with PBS-TX. Two hundred microliters of p-nitrophenyl
phosphate (1.0 mg/ml) in 10% diethanolamine buffer as substrate was added, and the
plates were incubated in the dark at 23°C for 1.0 h. The absorbarice was read at 405 nm.
Each sample was tested twice with positive and negative controls. Each sample was
blanked individually in the same microtiter plate. Each test plate also included controls
for nonspecific protein binding and binding of conjugate to the immobilized murine
monoclonal (capturing) antibody. The net optical densities of the control samples were
used to generate a correction factor to normalize the net optical density of the test
samples analyzed on that particular test plate. If the correction factor for a test plate fell

outside the range of 0.8 to 1.2, the assay was considered invalid. The upper limit of
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normal for TA90-IC was 0.41 (mean + 3 SD ELISA values of over 250 normal sera
determined from previous studies). Sera with a value >0.41 OD were considered positive

for TA90-IC.

Statistical analysis

The Kruskal-Wallis test was used to examine the difference between mean TA90-
IC values of sera from patients with invasive carcinomas and benign lesions. The
Spearman correlation coefficient was used to analyze the relationship between TA90-IC
values and tumor size, tumor grade, DNA ploidy, and S-phase. The Kappa test was used
to examine the consistency of TA90 status and estrogen receptor status, progesterone
receptor status, and HER2neu expression. Pearson chi-square test was used to investigate

the relationship between TA90-IC status and tumor size (< 1 cm versus > 1 cm).

Results

Biopsy specimens were characterized as benign, ductal cafcinoma in situ (DCIS),
or invasive carcinoma. The distribution of positive and negative TA90-IC values for
each pathology is shown in Table 1. Mean TA90-IC was 0.254 £ 0.239 OD in the 82
patients with benign lesions, 0.315 + 0.230 OD in the 14 patients with DCIS, and 0.436 +
0.209 OD in the 42 patients with invasive lesions; the difference between benign and

invasive groups was highly significant (p=0.0001).
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Of the 138 patients studied, 42 had invasive carcinoma, 31 (74%) with a positive
TA90-IC; 14 patients had DCIS, 4 (29%) with a positive TA90-IC; and 82 had benign
lesions, 6 (7%) with a positive TA90-IC.

Twenty-six patients had a normal mammogram in the face of a palpable mass, and
one had a normal mammogram and a bloody nipple discharge. Of these 27, none had
DCIS; 6 (22%) had invasive carcinoma, 4 with a positive TA90-IC; and 21 (88%) had
benign lesions, none with a positive TA90-IC. Mammography was positive in 9 patients
with invasive carcinoma and negative in six patients with invasive carcinoma.
Mammography was positive in 14 patients with benign lesions and negative in 21
patients with benign lesions (Table 2).

Among the 42 patients with invasive breast cancer, 27 (64%) had a positive
mammogram plus a positive TA90-IC, 4 (10%) had a positive TA90-IC only, 9 (21%)
had a positive mammogram only, and 2 (5%) had neither a positive mammogram nor a
positive TA90-IC.

Of the 56 patients with invasive carcinoma or DCIS, 52 had lesions evaluable by
size. Ofthe 15 patients with tumors <1 cm, 6 (40%) had a positive TA90-IC. Of the 37
patients with tumors > 1 cm, 28 (82%) had a positive TA90-IC (p=0.014). Thirty-one of
the 56 tumors were tested for S-phase: of the 20 patients with a positive TA90-IC, 8
(40%) had tumors with an S-phase greater than 5%; of the 11 patients with a negative
TA90-IC, only 3 (27%) had tumors with an S-phase greater than 5%. However,
statistical analysis using S-phase and TA90-IC as continuous variables revealed a
pdsitive correlation between TA90-IC and S-phase (Spearman correlation coefficient

=0.4011; p=0.0253) (Figure 1). There was no demonstrable association between TA90-
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IC value and tumor grade among 45 patients with invasive or noninvasive tumors
(Spearman correlation coefficient = 0.2789, p=0.0635) or among the subgroup of 34
patients with invasive tumors (Spearman correlation coefficient=0.3040, p=0.0804).

Of the 38 tumors tested for estrogen receptors (ER) and progesterone receptors
(PR), 7 were ER-negative: 6 (86%) of these were TA90-IC positive, compared with 21
(68%) of the 31 ER-positive tumors (p=0.8282). Of the 7 PR-negative tumors, 5 (71%)
were TA90-1C pgsitive, compared with 22 (70%) of the 31 PR-positive tumors
(p=0.5097). Of the 34 tumors tested for HER2/neu expression, 8 were positive: 6 (75%)
of these were TA90-IC positive, compared with 17 (65%) of the 26 HER2/neu-negative
tumors (p=0.3056).

The serum of 36 patients with a malignancy was tested for CEA and/or CA15-3 in
addition to TA90. CA15-3 was positive in 3 patients (one invasive carcinoma, 2 DCIS)
of 32 patients (26 invasive carcinoma, 6 DCIS). CEA was positive in 2 patients
(invasive carcinoma) of 33 patients (26 invasive carcinoma, 7 DCIS). Of the 36 patients,
24 (67%) were positive for TA90-IC, whereas only 3 (8%) were positive for CEA or
CA15-3 (Table 3). One patient with DCIS had a positive CA15-3 but a negative CEA
and TA90-IC. Of the 22 patients with a positive TA90-IC and invasive carcinoma, only
2 were positive for CEA or CA15-3. This confirms our earlier study demonstrating the
superior sensitivity of the TA90-IC assay.”

Of the 42 invasive carcinomas, 17 were American Joint Committee on Cancer
(AJCC) Stage I, 18 were AJCC stage Ila, 5 were AJCC stage IIb, and 2 were AJCC stage
[Ia. TA90-IC values were positive in 11 (65%) stage I tumors, 14 (78%) stage Ila

tumors, 5 (100%) stage IIb tumors, and 1 (50%) stage IIla tumor (Figure 2).
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Discussion

This study evaluated the utility of TA90-IC for identifying patients with early
breast cancer. Results indicate that TA90-IC shows promise as an adjunct to
mammographic screening. Eight-five percent of pat‘ients with a positive TA90-IC had a
breast malignancy. Of the 97 patients with a negative TA90-I1C, 76 (78%) had benign
disease and 21 (i2%) had a malignancy. Only 6 of 82 (7%) patients with a benign lesion
had a positive TA90-IC, whereas 4 of 6 patients with invasive carcinoma and a normal
mammogram had a positive TA90-IC (Figure 3). Of 27 patients with a normal
mammogram, 6 (22%) had a malignancy; similarly, 21 of 97 (22%) TA90-IC values
<0.41 OD were falsely negative. Five (45%) of the 11 patients with a positive
mammogram had a malignancy. When TA90-IC and mammographic results were
combined, 50 of 52 (96%) breast neoplasms were detected.

| Although mammography has reduced the mortality of breast cancer by about one
third in patients 50 to 69 years old, it has limitations. Not all breast cancers are
demonstrable on mammography, in which case the mammogram 'would be falsely
negative. In our study, 4 of 42 (10%) patients with invasive carcinoma had a negative
mammogram. Coveney et al® found a 16.5% false-negative rate for mammography in
291 patients of all ages with palpable cancers. Retrospective review of false-negative
mammograms showed that 30% were normal (true negatives), 20% were obvious
oversights, and 50% had radiographic abnormalities that were indeterminate. A serum

marker indicating whether or not a lesion was malignant might decrease the rate of false-
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negative mammography. This would be particularly useful in 40-49 year old patients
without a palpable mass.”

False positives are also a problem with mammography. Only 17% to 32% of non-
palpable lesions found on mammography are malig‘nant.3 2634 Therefore, a large
percentage of open biopsies reveal benign disease. Because women younger than 50

2735 the cost of screening

years have a much higher rate of false-positive mammograms,
mammography is five times higher in the 40-49 year age group than the 50-69 year
group.®® The current consensus of the National Institutes of Health is that mammography
cannot universally be recommended in women between 40 and 49 years old.>” A serum
marker that could distinguish between benign and malignant lesions on a mammogram
might make mammography in this age group more cost-effective and beneficial.

Serum tumor markers have been described for the early detection and monitoring
of metastases from a primary breast cancer.*® However, many of these markers are
questionable, with the possible exception of CA15-3, in regards to both diagnosis of
systemic disease and response to therapy.G’7 Tomlinson et al' reported 70% sensitivity,
96% specificity, and an 87% predictive value for CA15-3 in metastatic disease, but this
marker does not appear to be useful in screening. Our study confirmed this finding —
only 3 of 32 patients with a malignancy had a positive CA15-3. Serum markers such as
TPS, alphax—l-antiprotease,15 YKL-40,'* MCA,"” and c-erbB-2%112 have shown
promise in predicting survival and monitoring disease regression or recurrence, but are
not suitable for screening.

Our study indicates that TA90-IC is a potentially useful screening marker in

patients with early breast carcinoma. Although a higher proportion of stage Ila patients
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were TA90 positive, 11 of 17 stage I patients were positive for TA90-IC. This means
that TA90-IC is detectable in the blood of patients with smaller, premetastatic tumors.
Although this marker is not 100% sensitive or specific, it complements mammography by
identifying cancers by an independent means. In our study, we showed that TA90-IC can
identify 67% of tumors not visualized on a mammogram. Of course, these tumors were
palpable and did not present a diagnostic dilemma. In this group of patients, all of whom
had an indicatioq of breast biopsy, TA90-IC proved to be a useful adjunct to
mammography. The role of TA90-IC in breast cancer screening will be determined by
prospectively examining whether a positive serum TA90-IC value can be used with

mammography for routine screening of women at risk of breast cancer.
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LEGENDS

Figure 1. TA90 status according to S-phase of breast lesion.

Figure 2. The incidence of TA90 positivity increases linearly with AJCC stage of

disease.

Figure 3. Overlap between results of mammography and TA-90 IC ELISA in 40 patients
with invasive breast carcinoma. Two additional patients with invasive carcinoma had

negative mammographic findings and a negative TA90-IC ELISA.
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Table 1. TA90-IC Results by Pathology
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BENIGN DCIS INVASIVE TOTAL
TA90 <041 76 (93%) 10 (71%) 11 (26%) 97 (70%)
TA90 >0.41 6 (7%) 4 (29%) 31 (74%) 41 (30%)
TOTAL 82 14 42 138
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Table 2. TA90 and mammographic results according to pathology

of the breast lesion

Pathology of the Breast Lesion

Screening test Benign - DCIS . Invasive cancer
results '

TA90+ ‘ 6 4 27
Mammography-+

TA90+ 0 0 4
Mammography-

TA90- 53 10 9
Mammography+

TA90- 19 0 2
Mammography-
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Table 3. Incidence of three serum markers (TA90, CEA, CA135-3) in sera

of patients with DCIS or invasive breast cancer.
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Histopathology of breast lesion

Marker status DCIS Invasive cancer
TA90+ 0 2
CEA/CA15-3+

TA90+ 2 20
CEA/CA15-3-

TA90- 1 0
CEA/CA15-3+

TA90- 4 7
CEA/CA15-3-
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Abstract

Context and Objective We have identified a 90-kD glycoprotein serum tumor marker in the
form of immune complexes (TA90-IC) in patients with a variety of solid neoplasms, including
breast cancer. This study compared the efficacy of a TA90-IC assay with that of mammography
for the detection of breast cancer. ‘

Patients and Methods One hundred and fifty-seven women (ages 26-82 years) were referred
for open breast bibpéy because of an abnormal mammogram (n=105) or a palpable breast mass
(n=52). Fifty-six (36%) patients were younger than 50 years. Preoperative serum samples were
drawn prior to biopsy and tested blindly for TA90-IC using an enzyme-linked immunosorbent
assay. A positive result was defined as an optical density > 0.410 at an absorbance of 405 nm.
Mammogram reports were obtained from the patient’s chart and classified as suspicious or
benign. Histopathologic results of biopsy were classified as positive (infiltrating or intraductal
cancer) or negative. Sixty-nine (44%) patients had breast cancer.

Results Although less sensitive than mammography (77% vs. 84%, p=0.0038), TA90-IC was
more specific (90% vs. 46%, p<0.0001) and had a lower false-positive rate (10% vs. 54%,
p=0.0038) in this group of patients selected for open biopsy. A comb.ination of tests improved
the accuracy of screening (defined as true positives plus true negatives divided by sample
population) to 75%, compared with 64% for mammography alone.

Conclusion A combination of tests improves the accuracy of screening, and the lower false-

positive rate may help reduce the number of unnecessary tests and breast biopsies.
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INTRODUCTION

Breast cancer remains the most frequently diagnosed cancer in women and the second
leading cause of death in women over the age of 40. A woman’s lifetime risk of developing
breast cancer is 12%.' Two screening modalities have been approved by the American Cancer
Society: mammography and clinical breast examination. Nine separate randomized trials of
these modalities in the United States or Europe have shown a 30% reduction in mortality for
women ages 50-69 years who comply with screening guidf:lines.z’3

Although the reduction in mortality in the screened populations is a significant advance
in the fight against breast cancer, the accuracy of mammography remains in question. A recent
meta-analysis of data from large randomized trials showed that the sensitivity of mammography
ranges from 83% to 95%, but the number of open breast biopsies performed to find one breast
cancer varies from 3 to 10.* Furthermore, there is a growing concern about the cumulative false-
positive rate (FPR) during a lifetime of yearly mammographic screening. In a recent article by
Elmore et al.,’ the 10-year cumulative FPR was estimated at 49%, with an approximately 33%
risk of unnecessary invasive testing. The psychological and financial burden implied by these
percentages underlines the need for more accurate screening tests.

In this study, we investigated the possible usefulness of a novel serum tumor marker as
an adjunct to mammography for the detection of breast cancer. TA90 is a tumor-associated 90-
kD glycoprotein that was initially described and characterized in melanoma® and has since been
demonstrated in many other solid malignancies, including breast cancer (71%).” It circulates in
the serum in the form of IgG-bound immune complexes, TA90-IC.® This study compared the

accuracy of TA90-IC assay with that of mammography in patients selected for open biopsy of a

palpable breast mass or a suspicious mammographic finding.
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METHODS

Between 1991 and 1998, 157 women seen at the John Wayne Cancer Institute or the
Jonsson Comprehensive Cancer Center of the University of California in Los Angeles (UCLA)
were entered prospectively into this study. Their average age was 56.5 years (range 26 — 88
years). After signing an informed consent approved by the Institutional Review Board of Saint
John’s Health Center, all patients underwent open surgical biopsy for either a palpable breast
mass or an abnormality labeled ‘suspicious’ or ‘indeterminate’ on mammography. No more than
one week prior to the surgical procedure, serum was drawn for TA90-IC analysis; an informed
consent was obtained before serum sampling.

Members of the Department of Radiology at the Saint John’s Health Center reviewed all
mammograms and interpreted the results as suspicious, indeterminate, or benign. For the
purpose of this analysis, mammographic results labeled as suspicious or indeterminate were
considered positive because they required biopsy confirmation.

TA90-IC was assayed with an antigen-specific enzyme-linked immunosorbent assay
(ELISA) that uses murine monoclonal antibody AD1-40F4 against TA90. The monoclonal
antibody and the glycoprotein antigen were prepared as previously described.” AD1-40F4
ascites (100 pl) was diluted to a protein concentration of 100 pg/ml and then dispensed in wells
of microtiter plates (Dynex Technologies, Inc., Chantilly, VA). The plates were incubated at 4°C |
for 16 h and then washed with phosphate-buffered saline supplemented with 0.5% Triton X-100
(PBS-TX). The plates were then blocked with 1% bovine serum albumin (BSA), using 100 pl
per well, in PBS-TX a;t 23°C for 1 h. Serum samples were diluted 1:60 with PBS-TX

supplemented with 1% BSA, 0.5% normal mouse serum, and 0.01 M ethylene diamine
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tetraacetic acid. One hundred microliters of the diluted samples was placed in duplicate wells of

the activated plates; plates were incubated at 37°C for 45 min and then washed with PBS-TX.

Alkaline phosphatase (100 pl) conjugated to Fab fragment of goat anti-human IgG (Sigma
Chemical Company, Saint Louis, MO) at 1:500 dilution per well was added to each test well and
control well of the plates; plates were then incubated in.the dark at 23°C for 1 h. The absorbance
was read at 405 nm. Each sample was tested twice with positive and negative controls. Each
sample was blanked individually in the same microtiter plate. Each test plate also included
controls for nonspecific protein binding and binding of conjugate to the immobilized murine
monoclonal antibody. The net optical densities (ODs) of the control samples were used to
generate a correction factor to normalize the net OD of the test samples analyzed on that
particular test plate. If the correction factor of the test plate fell outside the range of 0.8-1.2, the
assay was considered invalid. The upper limit of normal for TA90-IC was 0.410 (mean + 3 SD
ELISA values for serum specimens from > 250 self-declared healthy volunteers, determined
during previous studies). Sera with ODs > 0.410 at an absorbance of 405 nm were considered

positive for TA90-1C.

Statistics

All serum samples were coded and all TA90-IC assays were performed in a blinded
fashion by a separate technician at the immunodiagnostic laboratory. Results were recorded
separately and provided directly to the Statistical Coordinating Unit at the John Wayne Cancer
Institute (JWCI). The computer package S-Plus (version 4.0) was used to perform all the
statistical analyses. The McNemar’s test for correlated proportions between paired data sets was
used to analyze significant differences between results of TA90-IC assay and mammography.

Table 1 identifies the formulas used to calculate the sensitivity, specificity, positive predictive
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value, FPR, and overall accuracy of the individual tests. A paired bootstrap (10,000 bootstrap
samples) was used to assess the differences of these five statistics between mammography and
TA90-IC. A permutation test for linear trend was performed to test for an increasing trend of

TA90-IC with pathology.9

RESULTS

One hundred and fifty-seven breast biopsies were performed in the same number of
patients. Benign disease was found in 88 patients (56%), ductal carcinoma in situ (DCIS) was
found in 17 patients (11%), and invasive adenocarcinoma was found in 52 patients (33%). Of
the 52 patients with invasive carcinoma, 23 had American Joint Committee on Cancer stage I
disease, 21 had stage ITA, 3 had stage IIB, and 5 patients had stage IIIA disease (Table 2).

Serum samples for the TA90-IC assay were available for all 157 patients. Average
TA90-IC values were 0.282 for benign disease (median 0.189), 0.327 for DCIS (median 0.182),
and 0.460 for invasive carcinoma (median 0.462). In those patients with invasive cancers, the
mean TA90-IC values were 0.534 for stage I, 0.370 for stage 1A, 0.452 for stage IIB, and 0.455
for stage III. The percentage of patients with elevated TA90-IC values increased from benign
disease to DCIS to invasive cancer (Figure 1, p<0.0001).

Table 3 shows the pathologic findings of open biopsy according to the results of
mammography and TA90-IC assay. Of the 105 patients with suspicious or indeterminate
mammograms, 64 (62%) had normal levels of TA90-IC. Thirteen of these 64 patients had
invasive disease, 9 had DCIS, and 42 had benign disease on pathologic examination. Forty-one
patients had both a pc;sitive mammogram and an elevated TA90-IC level: 30 had invasive

cancer, 6 had DCIS, and only 5 had benign disease. Therefore, in the group of patients with
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positive mammograms, TA90-IC assay correctly identified 42 of the 47 benign biopsies (89%),
but missed 13 of the 43 (30%) invasive cancers and 9 of the 15 (60%) DCIS cases (Table 3).
Of the 52 patients with a negative mammogram, 41 had normal TA90-IC levels: on
pathologic examination, 3 had invasive cancer, 1 had DCIS, and 37 (90%) had benign disease.
Of the 11 patients with elevated TA90-IC, 6 (55%) had a cancer, 1 (9%) had DCIS, and only 4
(36%) were benign on pathologic examination. Therefore, the addition of TA90-IC to a negative
mammogram correctly identified 7 of the 11 cancers missed by mammography (Table 3). In
total, of the 69 cases of DCIS and invasive cancers, 11 (16%) were missed by mammography
and 26 (37.7%) were missed by TA90-IC assay but only 4 (5.8%) were missed by both tests.
The corresponding sensitivity, specificity, positive predictive value (PPV), FPR, and
overall accuracy of the two screening tests are listed in Table 4. The patients who presented with
indeterminate and/or suspicious mammograms were considered positive radiographically; the
patients who presented with DCIS and/or with invasive adenocarcinoma pathologically were
considered positive for these calculations. Although the sensitivity of mammography alone was
higher than that of TA90-IC (84% vs. 77%, p=0.0038), all other parameters, specifically FPR
(54% vs 10%, p=0.0038) were superior when TA90-IC was used as the screening test. A
combination of tests, defined as an elevation of either test, yielded a superior sensitivity (94%)
than each test alone, but at the expense of increasing FPR and decreasing overall accuracy.
Excluding the 20 indeterminate mammograms, which potentially could have biased the
accuracy of mammography in a negative fashion, did not significantly affect the analysis (Table
4). Mammography remained slightly more sensitive than TA90-IC assay (82% vs. 61%
respectively, p=0.007), but at the expense of higher FPR (46% vs. 21% respectively, p=0.007)

and lower overall accuracy (66% vs. 77% respectively, p=0.0056).
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Looking only at the subset of patients with benign disease, the number of positive TA90-
IC tests was significantly lower than the number of positive mammograms (Table 5); this
discrepancy was significant in all age groups except patients over 70 years of age. Among all 56
patients younger than 50 years of age, 6 of the 16 cases of invasive and noninvasive cancers were
missed by mammography, 5 were missed by TA90-IC gssay, but only one was missed by both
tests (Table 3). In this age group the overall accuracy of mammography decreased to 58% but

the accuracy of TA90-IC improved to 87% (Table 4).

DISCUSSION

Mammography has long been the mainstay of breast cancer screening and it remains a
model for other screening tests. It is highly sensitive (83% to 95%) and specific (over 95%),
relatively inexpensive, and well tolerated by patients. Also, eight randomized trials involving
almost 300,000 patients in Europe and the United States have shown a 20 - 43% decrease in
breast-cancer mortality attributed to mammography-based early detection.' ™ 1°

Nevertheless, the FPR reported in the major trials is perhaps misleading. First, it is
difficult to in'terpret the published data because the definition of a positive result varies. In the
strictest sense, a positive test is based on open breast biopsy confirmation; in the broadest sense,
that label applies to any mammogram that leads to an additional test.’ Second, a review of the
predictive value of abnormal mammograms (which represent 11% of all mammograms
performed) showed that the yield of a cancer confirmed by open biopsy can be as low as 21-
34%.>® In other words, up to 67% of all breast biopsies performed as a result of an abnormal

mammogram will be performed for benign disease. This problem is compounded by the fact that

a positive mammogram is often followed by several tests designed to improve its diagnostic
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resolution: ultrasound, fine-needle aspiration, core biopsy and more recently, magnetic resonance

1114 211 of which further inflate the costs of working up a positive mammogram.

imaging,

Besides the immediate costs involved, the long-term impact of these unnecessary
procedures is even more significant. The estimated cumulative FPR for a woman who undergoes
yearly screening is almost 50% after 10 years. The psychological anxiety of the screened women
notwithstanding, the cost of performing the additional tests needed to evaluate a false-positive
result inflated the cost of screening by an estimated 33%.>"

TA90-IC is elevated in many solid malignancies, including breast adenocarcinoma.’ We
recently presented our experience with the first 138 patients who were selected to undergo open
breast biopsy based on an abnormal mammogram or palpable mass.'® Seventy-four percent of
patients with invasive cancers had elevated TA90-IC levels (compared with only 7% of patients
with benign disease), and it was suggested that this assay may be of benefit in identifying a
neoplasm missed by mammography. Also, it was noted that TA90-IC level did not correlate with
estrogen and progesterone receptor status or with Her-2-Neu expression.

This complementary study shows that TA90-IC improves the false-positive rate and
overall accuracy of mammography in a direct comparison, especially, when indeterminate
readings are considered with suspicious readings. As shown in Table 4, TA90-IC alone had a
PPV over 1.5 times that of mammography alone (82% vs. 54%, respectively), without sacrificing
sensitivity to a great degree (77% vs. 84%, respectively). Of the 105 women who had suspicious
or indeterminate mammograms, 47 (45%) had no cancer in the biopsy specimen, and
consequently underwent an unnecessary procedure. The TA90-IC test was able to identify 42 of
these 47 false positives (89%). Indeed, the likelihood of either an invasive cancer or DCIS in the

presence of negative mammographic and TA90-IC findings was less than 10% (4 of 41 patients.)
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Conversely, the likelihood of benign disease was very low when both the TA90-IC level
and the mammogram were abnormal (only 5 of 41 patients, or 12%). We propose that these
patients undergo a core biopsy for confirmation followed by open surgical therapy. Patients with
a positive mammogram and a normal TA90-IC are more likely to have a benign pathology
identified by open biopsy (42 of 64 patients in the present study) and would benefit from less-
invasive tests to diagnose the presence of a cancer, such as ultrasonography with a core biopsy of
suspicious masses. Using these guidelines to improve the selection of patients for open biopsy
should decrease the overall costs of screening.

The TA90-IC test correctly identified 7 of 11 (64%) cancers (invasive and in situ) missed
by mammography. Note that a negative mammogram in our series connoted a palpable mass that
brought the patient to biopsy. An elevated TA90-IC level in the face of a normal mammogram
should prompt ultrasonography to better delineate the mass, followed if necessary by a biopsy.
If, on the other hand, the ultrasonogram is normal in the face of an elevated TA90-IC level, we
recommend a more intensive follow-up with repeat mammography and TA90-IC assay in 6
months.

Mammograms are less accurate in women younger than 50 years of age. Their sensitivity
in this age group as reported in the randomized trials ranges from 53% to 84%.%* A subset
analysis of the patients younger than 50 years enrolled in this study showed a mammographic
sensitivity similar to that of reported series>* and equal to the sensitivity of TA90-IC assay
(67%). Surprisingly, the specificity and overall accuracy of the TA90-IC test (93% and 87%,
respectively) Were far superior to those of mammography alone (55% and 58%, respectively) in
this age group. The potential benefit in terms of minimizing unnecessary procedures is even

greater in this age group: if both a positive mammogram and an elevated TA90-IC level are
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required to perform a biopsy, the procedure will yield positive results in 6 of 7 patients: only one
unnecessary procedure will have been performed.

Therefore, although mammography remains an excellent screening test for the early
detection of breast cancer, its accuracy can be improve;l by the addition of a simple blood test to
measure the TA90-IC level. We propose combining the two tests into the screening schedule
recommended by the American Cancer Society. It should be noted that the results reported in
this study are based on a single measurement of TA90-IC; it is highly probable that serial
measurements on an annual basis can further increase the accuracy of detecting occult

carcinomas in the screened population.
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Table 1. Criteria Used to Evaluate Mammography and TA90-IC

Pathologic Diagnosis
Positive® Negative
T Positive® | True Positive False Positive
E (TP) (FP)
S
T Negative | False Negative True Negative
(FN) (TN)

Sensitivity = TP / TP + FN ; Specificity = TN / TN + FP
False Positive Rate (FPR) = 100 — Specificity

Positive Predictive Value (PPV) =TP /TP + FP
Accuracy = TP+ TN/TP + TN + FP + FN

2 Includes invasive carcinoma or DCIS; ® Includes suspicious or

indeterminate mammogram

TA90 mammo_JAMA_nh
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Table 3. Results Subdivided First by Mammography and Then by TA90-IC Level, for the Entire

Group of 157 Patients and Then for the 56 Patients Below the Age of 50

Pathologic Findings
(number of patients in each group)
Cancer |, Benign
Invasive DCIS
All Patients
Mammo + | TA90+ (N=41) 30 6 5
(N=105) TA90- (N=64) 13 9 42
Mammo — | TA90+ w=11) 6 1 4
(N=52) TA90- (N=41) 3 1 37

Number of invasive tumors missed by a negative TA90 = 16/52
Number of DCIS tumors missed by a negative TA90 = 10/17
Number of benign tumors missed by a positive TA90 = 9/88

Patients < 50 years old

Mammo + | TA90+ v=7) 5 1 1
(N=28) TA90- (N=21) 2 ‘ 17
Mammo — | TA90+ =6 4 1 1
(N=28) TA90- (v=22) 1 0 21

Number of invasive tumors missed by a negative TA90 = 3/12
Number of DCIS tumors missed by a negative TA90 = 2/4
Number of benign tumors missed by a positive TA90 = 2/40

‘Mammo +’ includes suspicious and indeterminate mammograms combined into one
group, ‘Mammo —* includes negative mammograms only; “TA90 +’ includes elevated

TA90-IC levels, ‘TA90-¢ includes normal TA90-IC levels.
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Table 4. Accuracy of Mammography Compared with TA90-IC Assay

Habal - 17

Sensitivity Specificity PPV Accuracy FPR

All Patients

Mammogram 84% 46% 54% 62% 54%

TA90-IC - T7% * 90% ¥ 82%°%  84%* 10% *
Patients < 50 years old

Mammogram 67% 55% 34% 58% 45%

TA90-IC 67% 93% % 83% 87% 7%
Indeterminate Mammograms Excluded

Mammogram 82% 54% 58% 66% 46%

TA90-IC 61%* 79% ¢ 82%° 77% ¥ 21%*
Test Combinations

Either Positive 94% 41% 56% 64% 59%

Both Positive 50% 95% 89% 75% 5%

§p<0.0001 fp<0.007 *p <0.005

TA90 mammo_JAMA _nh
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Figure 1. Percent of patients with elevated TA90-IC levels based on pathologic analysis.

% Elevated TA90-IC

BENIGN | DCIS Stage I Stage II | Stage 111
% Elevated 10 41 68 71 80
TA90-IC
mean TA90- 0.282 0.327 0.534 0.452 0.455
IC
n 88 17 23 24 5

TA90 mammo_JAMA _nh
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DETECTION OF OCCULT BREAST CANCER BY
A NOVEL IMMUNOLOGIC APPROACH

Rishab K. Gupta, Reynold Yee,
Zacarias C. Leopoldo and Donald L. Morton

John Wayne Cancer Institute at Saint Johns Health Center
==~ 2200 Santa Monica Blvd., Santa Monica, CA 90404-2301

We documented the presence of a 90kD glycoprotein tumor-associated antigen (TAA)
which is immunogenic in breast cancer patients. Therefore, it is logical to assume that
circulating immune complexes (IC) should form in vivo each time a humoral immune
response is made to the antigen, and the source of the antigen is present in the patient.
After purification and characterization, the 90kD TAA was used to develop a MuMoAb of
IgM isotype. Blocking studies in ELISA revealed that the epitope on the 90kD TAA
recognized by the MuMoAb was different from those recognized by human antibodies.
Also the MuMoAb did not react with any of the normal human serum proteins including
IgG and IgM. No immunologic reactivity in Western blot between 90kD TAA and a
number of murine monoclonal antibodies developed to other antigens was observed. The
MuMoAb was immobilized onto a solid matrix and used to capture the 90kD TAA-
specific IC. Capturing of the antigen-specific IC was assessed using goat anti-human IgG
conjugated to alkaline phosphatase. Feasibility of this technique was confirmed by the
detection of in vitro generated immune complexes between purified 90kD TAA and the
baboon polyclonal IgG antibodies to this antigen. The baboon polyclonal antibodies were
mixed with the purified 90kD TAA in different protein proportions. After incubation at
37C for 30 min, the mixtures were tested to determine if a positive signal was generated
in the MuMoAb capture assay. The ELISA signal was consistently higher over a wide
range of baboon anti-TAA IgG to antigen protein concentration ratios (3:1 to 90:1) than
either of the two immune reactants (antigen or antibody) alone or pre-immune baboon IeG
at 405,,. These results denoted that the MuMoAb captured baboon anti-TAA IgG via the
TAA-specific IC only, i.e, when the IgG antibody was in the form of TAA-specific IC.

- Keywords:  Glycoprotein, Tumor-associated antigen, Immune complex, ELISA,

Tumor marker, CEA, CA15-3

This work was supported by the U.S. Army Medical Research and Materiel Command
under DAMD-17-94-J-4459.
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Reproducibility studies in ten replicates revealed an inter-assay variation range of 0.806 to
1.311 ELISA value, with a mean of 1.010, standard dewviation (SD) of 0.139, and
coefficient of variation (CV) of 13.7%; and an intra-assay variation range of 0.849 to
1.214 with a mean of 1.007, SD of 0.105 and CV of 10.4%. To determine the incidence
and level of 90kD TAA-specific IC, serum samples from self proclaimed healthy age
matched normals (107) and breast cancer patients (106) were analyzed. The procurement
of sera from breast cancer patients was random, i.e., criteria with respect to pre- or post-
surgery, evidence or no evidence of disease, etc., were not used in selecting the serum
samples. Comparative analysis of the data from normal and breast cancer groups revealed
that the normal group had a significantly (p < 0.05) lower normalized ELISA value
(0.212 % 0.088) than the breast cancer group (0.570 * 0.438). Using a cut off level of
0.410 (mean plus 3 SD of normals), a significantly (p < 0.05) greater proportion of breast
cancer patients (67/106, 63%) was above this value than the normal group (3/107, 2.8%).
From a group of 128 breast cancer patients that were positive for the 90kD TAA-specific
IC pre-operatively, serum samples were obtained retrospectively 2 to 12 weeks after
surgical resection of all of the accessible tumor. The serum samples (256 total) obtained
before and after surgery were analyzed by the 90kD TAA-specific IC assay. Of the 128
patients, 76 (59%) became negative after surgery for the marker, suggesting either a
complete resection of the tumor or a reduction in tumor burden to a level below the
threshhold level that could result in the serum to become 90kD TAA-specific IC positive.
Despite surgical resection of the accessible tumor, there were 52 patients who remained
positive for the 90kD TAA-specific IC. Longitudinal clinical follow-up of these patients
revealed that 34 of 52 (65%) post-operatively positive patients developed recurrent
disease within five years, as opposed to only 9 of 76 (12%) of the post-operatively
negative patients (p< 0.05). Thus, it is apparent that in the group of patients in whom the
90kD TAA-specific IC remained positive, all of the disease was not resected and these
patients perhaps harbored micrometastases. This translates to the fact that the 90kD
TAA-specific IC marker can effectively identify patients with poor prognosis. Many
patients who remained disease free for greater than 5 years were consistently negative for
the TAA-specific IC, and patients who had developed recurrent disease either remained
positive after removal of tumor or became positive for the 90kD TAA-specific IC before
developing clinically detectable disease. Analyses of serum samples from 68 breast cancer
patients with evidence of disease for 90kD TAA-specific IC, carcinoembryonic antigen
(CEA) and CA15-3 revealed that 55 (81%) were positive for the 90kD TAA-specific IC,
16 (24%) for CEA, and 23 (34%) for CA15-3. Despite higher incidence of the TAA-
specific IC than CEA or CA15-3, it was observed that some serum samples that were
positive for CEA or CA15-3 were not necessarily positive for the 90kD TAA-specific IC,
and that there was no significant association between the 90kD TAA-specific IC and CEA
or CA15-3. However, when either of the three or all of the three positive markers were
taken into consideration, the incidence of positivity increased from 81% to 91%. Thus,
use of the 90kD TAA specific-IC marker in conjunction with CEA and /or CA15-3 may
prove to be more sensitive than when used alone for immunodiagnosis and
immunoprognosis. Furthermore, this novel approach to a tumor marker assessment
clearly denotes a positive correlation between post-operative presence of 90kD TAA-
specific IC and subclinical residual or recurrent disease in breast cancer patients.
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PRESENCE OF A 90KD GLYCOPROTEIN TUMOR-ASSOCIATED ANTIGEN
SPECIFIC IMMUNE COMPLEXES IN CIRCULATION OF MELANOMA PATIENTS
SIGNIFY POOR PROGNOSIS.

Rishab K. Gupta and Donald L. Morton, John Wayne Cancer Institute
2200 Santa Monica Blvd., Santa Monica, CA 90404, USA.

Immune complexes (IC) have been observed in peripheral circulation of cancer
patients; however, their clinical application has been limited. This is because currently
available IC detection assays are not antigen specific. Here, we describe applicability of
an antigen-specific IC detection assay. An autoimmunogenic glycoprotein tumor
associated antigen of a molecular mass of 90kD (TA90) detected in human solid tumors
was used to develop a murine monoclonal antibody (MAb) of IgM isotype. The MAb
recognized an epitope that is different from those recognized by human polyclonal
antibodies, and it did not react with normal human serum proteins. The MAb was
immobilized to a solid matrix and used to capture TA90-IC formed in vivo by reacting the
tests sample with the MAb-solid matrix. Capturing of the TAS0-IC via interaction of the
TA90 epitope with the immobilized MAb was assessed using alkaline phosphatase
conjugated goat anti-human IgG. This assay discriminated between normal and cancer
sera. At an ELISA value of >0.410 OD4gs (mean plus 3 SD of normal) significantly lower
proportion of normals (3.2% (8/250)) compared to cancer patients was (56,3% (364/647))
positive. Subsequently sequential serum samples obtained at regular intervals from 130
stage | melanoma patients (105 with recurrence within 10 years after removal of primary
and 25 with no recurrence for 10 years) were analyzed, and a patient with 2 or more
consecutively positive samples was considered positive, and of 25 non-recurrent
disease patients 20 (80%) were negative for the TA90-IC (p < 0. 001) Mean time before
recurrence of the cllmcally detectable disease at which the test became positive was 23 +
28 months in this group of patients. Similar results were obtained in melanoma patients
with advanced stages who were rendered disease free surgically. The results of this
novel approach to a tumor marker assessment clearly denote a positive correlation
between post-operative presence of TA90-IC and subclinical residual or recurrent disease
in melanoma patients. (Supported in part by grants from National Cancer Institute
(CA12582 and CA29605), John Wayne Cancer Institute Auxiliary, Roy E. Coats Research
Laboratories, Sonya Valley Ghidossi Vaccine Laboratory, Wrather Family Foundation,
Steel Foundation and the Jack Green Fund).

A85:
AMELOGENIN AS MARKER FOR BONE MARROW ENGRAFTMENT: SHORT-TERM
AND LONG-TERM STUDIES

T. Pugatsch, R.Or, S.Slavin and J. Kapelushnik

BMT, Hadassah University Hospital, Jerusalem, Israel
The degree of chimerism, i.e. full donor chimerism (DC) or mixed chimerism (MC), in
recipients of allogeneic bone marrow transplants (BMT) will to a strong extent affect the
post-transplant treatment. Amplification by the polymerase chain reaction (PCR) of part of

the amelogenin gene (AMG) located on both the X- and Y-chromosome, allows detection
of minute numbers of male and female cells in BM and peripheral leukocytes of transplant
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PROSPECTIVE EVALUATION OF TA90 IMMUNE COMPLEX ASSAY IN THE PREOP- |
ERATIVE DIAGNOSIS OF BENIGN AND MALIGNANT BREAST LESIONS. J. Zav-
otsky, R.K. Gupta, M.B. Brennan, R. Yee, A.E. Giuliano and D.L. Morton.
John Wayne Cancer Institute at Saint John's Health Center, Santa Monica
CA.

There is a need for alternative means of breast cancer screening because up
to 75% of suspicious mammographic lesions are benign on biopsy and up
to 20% of malignant lesions are missed on mammography. We prospec-
tively evaluated a 90-kD glycoprotein tumor-associated antigen (TA90) in
the preoperative serum of patients with breast lgsions warranting ‘open
biopsy. The serum was coded and tested in a blinded fashion for TASO
immune complexes by an ELISA. An optical density (OD) = 0.41 at 405
nm was considered positive based upon three standard deviations above
the mean of 250 normal controls. Of 138 study patients, 111 had a
mammographic abnormality (23 with a palpable mass), and 27 had a
normal mammogram with a palpable mass or bloody nipple discharge.
Eighty-two had benign lesions, 14 had ductal carcinoma in situ (DCIS), and
42 had invasive carcinoma (IC). There was a significant (p = 0.0001)
difference in TAS0 values for benign lesions (0.254 + 0.239 OD) and IC
(0.436 + 0.209 OD). Of the 111 patients with an abnormal mammogram,
50 (45%) had DCIS (N = 14), or IC (N = 36). Of the 41 patients with a
positive TA90, 35 (85%) had DCIS (N = 4) or IC (N = 31). Of the 27
patients with a normal mammogram, 6 (22%) had IC. Of the 97 patients
with a negative TA90, 21 (22%) had DCIS (N = 10) or IC (N = 11). Of
note, the TA90 level was positive in 4 of 6 IC patients who had a normal
mammogram. Fifty-two carcinomas were evaluable by size. TAS0 was
positive in 6 of 15 (40%) lesions <1 cm, and in 25 of 37 (68%) lesions =1
cm. We conclude that the serum TA90 assay may be a useful adjunct to
mammography, since it may identify neoplasms missed by mammography.
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THE PRESENCE OF CLONOGENIC BREAST CANCER CELLS IN PERIPHERAL BLOOD
STEM CELL (PBSC) PRODUCTS CORRELATES WITH AN EXTREMELY POOR
PROGNOSIS FOR PATIENTS WITH STAGE IV DISEASE. T.J. Moss, T. Umiel, R.M.
Herzig, B. Cooper, M.J. Kennedy, R. Meagher, R.A. Petri, A. Pecora, E.
Copelan, H.M. Lazarus. BIS Laboratories, Reseda, CA, Hoxworth Blood
Center, University -of Cincinnati Medical Center, Cincinnati, OH, Ireland
Cancer Center, Cleveland, OH, Johns Hopkins Oncology Center, Baltimore,
MD, Ohio State University, Columbus, OH, and Hackensack Medical
Center, Hackensack, NJ.

Autologous bone marrow transplantation, (ABMT) is accepted therapy for
patients with stage IV breast cancer. Currently, there is considerable
controversy whether PBSC collections contaminated with smal} numbers of
breast cancer cells can contribute to relapse of disease after ABMT. Since
tumor stem cells are hypothesized to be responsible for relapse of disease,
we wished to determine if clonogenic breast cancer cells in PBSC
correlated with a poor clinical outcome. A clonogenic soft agar assay was
performed on 224 PBSC samples drawn from 130 patients with stage IV
breast cancer. The clonogenic assay utilized 0.3 percent agarose, Isocove’s
medium with fetal bovine serum and growth factors. Mononuclear cells
isolated from PBSC were plated in agarose and incubated in a humidified
chamber 37°C for 10-14 days and tumor colonies were then counted.
Verification that colonies were breast cancer in origin was achieved by
immunofluorescent staining. Thirty-eight of 130 patients had tumor
colonies in PBSC products. Thirty-seven of these 38 patients (97%)
relapsed after ABMT therapy. Using log rank Kaplan-Meier survival curve
analysis, the disease-free survival (DFS) for patients with tumor colonies
was significantly reduced as compared to patients without colonies in their
PBSC products (p < 0.0001). We conclude that the presence of clono-
genic breast cancer cells in PBSC products portends an extremely poor
prognosis. Alternate therapy should be considered for this group of
patients, such as purging of the PBSC product or post-ABMT therapy.
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Lymph nodes
Bone marrow NO-HC (n = 155) Nla-tHC (n = 21) -
MO (n = 128) 121 (68.7%) 7 (4.0%)
M1-IHC (n = 48) 14 (8.0%)

Proceedings of ASCO Volume 17 1998 '

SIMULTANEOUS IMMUNOHISTOCHEMICAL (IHC) TUMOR CELLS DETECTION IN
AXILLARY LYMPH NODES AND BONE MARROW ASPIRATES IN NODE NEGATIVE ;
(NO) BREAST CANCER (BC). B. Gerber, A. Krause, E. Rohde, D. Richter and ¥;
K. Friese. Dept. Ob/Gyn, University of Rostock, Rostock, Germany. L

Studies of axillary lymph nodes and bone marrow aspirates from patients 5% #i
(pts.) with node negative BC with the same immunohistochemical method & JEE
have not yet been reported. Lymph nodes and bone marrow aspirates from %y I
176 pts. with pT1-2 NO MO BC were retrospectively examined for tumor 2
cells using a cytokeratin antibody and ABC-technique. The IHC findings
were correlated with conventional histologic findings and other prognostic -
factors. The mean follow up time was 55 * 16 months. Totally in 55 of 176
(31.2%) pts. staged by conventional methods as pT1-2 NO MO BC tumor g
cells were detected in lymph nodes (Nla-IHC) and/or bone marrow #: RSl
aspirates (M1-1HC). ;

34 (19.3%)

Disease free survival and overall survival showed a prognostic disadvantage

for women with tumor cell detection in any site and number compared to
women without any tumor cells (p < .05). Differences between {HC- &
positive and IHC-negative pts. were found in tumor size, grading, vessel
invasion, ER, S-phase and Cathepsin D. By multivariate analysis tumor size
and grading, but not the tumor cells detection, were confirmed: as :
independend prognostic factors in NO BC. We conclude that in 31% of BC .
pts. who have been staged as pT1-2 NO MO by conventional methods -
tumor cells are detectable in axillary lymph nodes and/or bone marrow
aspirates. A prognostic disadvantage of tumor cell detection has been
proven, but it does not represent an independent prognostic factor and does -
not facilitate treatment decisions. :

*410

COMPARISON OF MAMMOGRAPHY (MM) AND ULTRASONOGRAPHY (US), .|
TcS=TETROFOSMIN SCINTIMAMMOGRAPHY (SMM) AND GADOLINIUM-EN-
HANCED MRI IN THE ASSESSMENT OF RESIDUAL TUMOR IN PATIENTS (pts)
WITH LOCALLY ADVANCED BREAST CANCER (LABC) TREATED WITH DOXORUB!- -
CIN (D0OX) AND PACLITAXEL (PTX) AS NEOADJUVANT CHEMOTHERAPY. J.L.

Passos-Coelho, A. Moreira, M.L. Orvalho, T.C. Ferreira, M.R. Vieira, S.
André, A. Gaspar, C. Santos-Costa, J. Menezes-Sousa, A. Fernandes, J.
Oliveira. Instituta Portugués de Oncologia and Centro de Ressonancia

Magnética de Caselas, Lisboa, Portugal. :

We evaluated the clinical and pathological response rate in pts with LABC
treated with neoadjuvant DOX and PTX, a very active combination in -
metastatic breast cancer. Since 3/97, 15 women received four cycles of
DOX (60 mg/m2 iv over 5 min on day 1) and PTX (200 mg/m2 iv over 3h on
day 2) every 3 weeks before mastectomy. Pts underwent MM and US, SMM ¢
and MRI before and after chemotherapy to assess response to treatment :
and the extent of preoperative residual tumor. There were 10 partial (PR) &
and 3 complete (CR) clinical responses but no pathological CRs; howeve,
in 5 pts the area of residual viable tumor in the mastectomy specimen was
less than 1 cm?2. In 3 of these 5 pts the breast mass was no longer
detectable in the preoperative MM and US. SMM evaluation showed a %
decrease in Tc®Tetrofosmin uptake between the first and the second
exam in 13 of the 14 initially tracer-positive pts; 1 pt had a false-negative
SMM at diagnosis. In 2 pts with less than 1 em2 of residual viable tumor at
surgery, the preoperative SMM had become normal. All pts had tumor o
detectable by Gadolinium-enhancement in the preoperative MR, including 3
the 5 pts with less than 1 cm? of viable tumor in the surgical specimen. MR .3
estimated accurately the size of residual tumor in mastectomy specimens
ineach pt(r2 = 0.88, p < 0.0001). Furthermore, the areas of viable tumor -
within the resected tumor mass were correctly identified in the pre-
operative MRI. In conclusion, no pathological CRs were obtained in pts with
LABC treated with DOX plus PTX. MRI could accurately estimate response
to treatment and extent of residual disease in pts with LABC. This may be
helpful to plan conservative su;gery in'these pts.
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DETECTION OF A GLYCOPROTEIN TUMOR-ASSOCIATED ANTIGEN
SPECIFIC IMMUNE COMPLEXES IN BREAST CANCER PATIENTS.
Gupta RK’, Giuliano AE, Yee R, Leopoldo Z, and Morton DL, John Wayne
Cancer Institute at Saint John’s Health Center, Santa Monica, California, 90404

An autoimmunogenic 90kD glycoprotein tumor-associated antigen
(TA90) shared by a variety of human cancers including breast carcinoma was
isolated and characterized. Also, a murine monoclonal antibody (MuMoAb),
ADI1-40F4, of IgM isotype was developed using purified antigen as the
immunogen. The epitope recognized by the MuMoAb was different from those
recognized by human polyclonal antibodies. The MuMoAb did not react with
any of the human serum proteins but recognized a 90kD subunit of the
glycoprotein antigen. Because human antibody can bind to the antigen and
form immune complexes (IC) in circulation, we examined the incidence and
clinical significance of TA90-IC in sera of breast cancer patients. MuMoAb
was immobilized to a solid matrix and used to capture TA90-IC. The
MuMoAb-based ELISA revealed that the incidence of TA90-IC in sera of
randomly selected breast cancer patients [63%(67/106)] was significantly higher
(p<0.05) than that in normal controls [3%(3/107)]. Analyses of serum samples
from 68 breast cancer patients with evidence of disease for carcinoembryonic
antigen (CEA), CA15-3 and TA90-IC revealed that the incidence of these
markers was 24%, 34% and 81% respectively. Despite higher incidence of
TA90-IC than CEA or CA15-3, it was observed that some serum samples which
were positive for CEA or CA15-3 were not necessarily positive for TA90-IC.
There was no significant association between the TA90-IC and CEA or CA15-3.
However, when either or all of the three positive markers were taken into
consideration,. the incidence of positivity increased from 81% to 91%. Thus,
use of TA90-IC in conjunction with CEA and/or CA15-3 may prove to be more
sensitive than when used alone for immunodiagnosis and immunoprognosis of
breast cancer. [Supported by U.S. Army Medical Research and Materiel
Command under DAMD-17-94-J-4459, Jack Green Fund, Associates for Breast
Cancer Studies of John Wayne Cancer Institute, Ben B. and Joyce E. Eisenberg
Foundation (Los Angeles), and Fashion-Footware Association of New York.]
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A14  CLINICAL SIGNIFICANCE OF A 90KD GLYCOPROTEIN TUMOR-ASSOCIATED
ANTIGEN SPECIFIC IMMUNE COMPLEXES IN SERA OF BREAST CANCER
PATIENTS

Rishab K. Gupta, Armando E. Giuliano, Mark C. Kelley, Reynold Yee, Zacarias
Leopoldo, Donald L. Morton. John Wayne Cancer Institute at Saint John’s
Hospital and Health Center, 2200 Santa Monica Blvd., Santa Monica, CA 90404,
USA

We undertook these investigations to determine the incidence and clinical significance
of a 90kD glycoprotein tumor-associated antigen (TAA)-specific immune complexes (1C) in
sera of breast cancer patients. Sera were randomly selected from 106 patients that had
histopatho-logically proven breast cancer, and from 107 apparently healthy females. The
serum samples were analyzed for the presence of the 90kD glycoprotein TAA-specific IC by a
murine monoclonal antibody based ELISA. The murine monoclonal antibody, AD1-40F4, was
developed to an autoimmunogenic glycoprotein TAA. This murine monoclonal antibody
recognized an epitope that is different from those recognized by human polyclonal antibodies.
The immobilized murine monoclonal antibody captured the in vivo formed IC that were
present in a test sample. The captured IC were recognised by enzyme conjugated goat anti-
human 19G. The incidence of 90kD glycoprotein TAA-specifc IC in sera of breast cancer
patients was significantly higher than in healthy females. Of the 106 breast cancer patients
67 (63%) were positive for the TAA specific-IC, as indicated by the normalized ELISA value
above 0.410 OD (mean plus 3SD of normals) at 405nm. On the contrary, only 3 (2.8%) of
107 apparently healthy controls had positive ELISA value (p>0.05 by Fisher's test). Analysis
of post-operative serum samples of breast cancer patients and correlation of results with
clinical course revealed that 79% (34/43) sera from patients with recurrent disease were
positive. This incidence was significantly higher (p<0.05 by Chi square) than those patients
who did not recur within 5 years (21%, 18/85). The results of this novel approach to a tumor
marker assessment clearly denote a positive correlation between post-operative presence of
TAA-specific IC and subclinical residual or recurrent disease in breast cancer patients.
(Supported in part by the US Department of Army grant DAMD17-94-J4459, John Wayne
Cancer Institute Auxiliary, Associates for Breast Cancer Studies, Roy E. Coats Research
Laboratories and the Jack Green Fund).

Antigen-specific immune complexes as human tumor markers, breast cancer,
glycoprotein tumor-associated antigen, autoimmunogenic
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